WHAT IS CLAIMED IS: 



1. A method of treating a hydrocarbon containing formation in situ, comprising: 

providing heat from one or more heat sources to at least one portion of the 
formation; 

allowing the heat to transfer from^he one or more heat sources to a selected 
section of the formation; 

controlling the heat from the oi/e or more heat sources such that an average 
temperature within at least a majority/of the selected section of the formation is less than 
about 375 °C; and 

producing a mixture from tne formation. 

2. The method of claim 1, wheyein the one or more heat sources comprise at least two 
heat sources, and wherein superposition of heat from at least the two heat sources 
pyrolyzes at least some hydrocarbons within the selected section of the formation. 

3. The method of claim 1, /vherein controlling formation conditions comprises 
maintaining a temperature /vithin the selected section within a pyrolysis temperature 
range. 

4. The method of claiir/ 1 , wherein the one or more heat sources comprise electrical 
heaters. 



5. The method of cla/m 1, wherein the one or more heat sources comprise surface 
burners. 



6. The method of olaim 1, wherein the one or more heat sources comprise flameless 
distributed combusjfors. 



7. The method of claim 1, wherein the one or more heat sources comprise natural 
distributed combustors. 
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8. The method of claim 1, further comprising controlling a pressure and a temperature 
within at least a majority of the selected section If the formation, wherein the pressure is 
controlled as a function of temperature, or the tebperature is controlled as a function of 
pressure. / 

9. The method of claim 1 , further comprising controlling a pressure within at least a 
majority of the selected section of the formation with a valve coupled to at least one of 
the one or more heat sources. / 

10. The method of claim 1, further comprising controlling a pressure within at least a 
majority of the selected section of the formation with a valve coupled to a production 
well located in the formation. / 

/ " ... 

i 

11. The method of claim 1, further comprising controlling the heat such that an average 
heating rate of the selected section' is less than about 1 °C per day during pyrolysis. 

12. The method of claim 1, wherein providing heat from the one or more heat sources to 
at least the portion of formation comprises: 

heating a selected volume (V) of the hydrocarbon containing formation from the 
one or more heat sources, wherein the formation has an average heat capacity(C v ), and 
wherein the heating pyrolyzes at least some hydrocarbons within the selected volume of 
the formation; and 

wherein heating energy/day provided to the volume is equal to or less than Pwr. 
wherein Pwr is calculated by the equation; 
Pwr = h*V*C v *p B 

wherein Pwr is the heatingenergy/day, h is an average heating rate of the 

formation, p B is formation bulk density, and wherein the heating rate is less than about 10 
°C/dav. / 
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13. The method of claim 1 ; wherein allowing the heat to transfer from the one or more 
heat sources to the selected section comprises transferring heat substantially by 
conduction. • 

14. The method of claim 1, wherein providing heat from the one or more heat sources 
comprises heating the selected section such that a t/elmal conductivity of at least a 
portion of the selected section is greater than abovit 0.5 W/(m °C). 



15. The method of claim 1, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 



16. The method of claim 1, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. / 



17. The method of claim 1, wherein the produced mixture comprises non-condensable 

/ 

hydrocarbons, and wherein a molayratio of ethene to ethane in the non-condensable 
hydrocarbons ranges from about 0.001 to about 0.15. 



18. The method of claim 1, wherein the produced mixture comprises non-condensable 

/ 

hydrocarbons, and wherein about 0. 1 % by weight to about 15 % by weight of the non- 
condensable hydrocarbons are^olefins. 



19. The method of claim lywherein the produced mixture comprises condensable 

hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 

/ 

basis, of the condensable hydrocarbons is nitrogen. 



20. The method of claim 1, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 
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21. The method of claim 1. wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % bv weight to about 30 % bv weight of the condensable 

t 

hydrocarbons comprise oxygen containing compounds, andi' wherein the oxygen 
containing compounds comprise phenols. 



22. The method of claim 1. wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by wejght, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 



23. The method of claim 1, wherein the produced/mixture comprises condensable 
hydrocarbons, and wherein greater than about 2$ % by weight of the condensable 
hydrocarbons are aromatic compounds. 

24. The method of claim 1, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 



25. The method of claim 1, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less Xhm about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 



26. The method of claim 1, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons a/e cvcloalkanes. 



27. The method of claim y, wherein the produced mixture comprises a non-condensable 
component, wherein the Aon-condensable component comprises hydrogen, and wherein 
the hydrogen is greater/man about 10 % by volume of the non-condensable component 
and wherein the hydn/gen is less than about 80 % by volume of the non-condensable 
component. 
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28. The method of claim 1, wherein the produced mixture comprises ammonia, and 
wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 



29. The method of claim 1, wherein the produced mixture 'comprises ammonia, and 
wherein the ammonia is used to produce fertilizer. 

30. The method of claim 1, further comprising controlling a pressure within at least a 
majority of the selected section of the formation, \yherein the controlled pressure is at 
least about 2.0 bar absolute. 



31. The method of claim 1, further comprisin/controlling formation conditions such that 
the produced mixture comprises a partial pressure of H 2 within the mixture greater than 
about 0.5 bar. 




32. The method of claim 31, wherein the partial pressure of H 2 is measured when the 
mixture is at a production well. 



33. The method of claim 1, wherein Controlling formation conditions comprises 
recirculating a portion of hydrogen from the mixture into the formation. 

34. The method of claim 1, furthet comprising altering a pressure within the formation to 
inhibit production of hydrocarb^hs from the formation having carbon numbers greater 
than about 25. 



35. The method of claim L further comprising: 

providing hydrogen^) to the heated section to hydrogenate hydrocarbons 
within the section; and 

heating a portion df the section with heat from hydrogenation. 
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36. The method of claim 1, wherein the produced mixture comprises hydrogen and 
condensable hydrocarbons, the method further comprising hydrogenating a portion of the 
produced condensable hydrocarbons with at least a portion of the produced hydrogen. 

37. The method of claim 1, wherein allowing the/heat to transfer comprises increasing a 
permeability of a majority of the selected section to greater than about 100 millidarcy. 

38. The method of claim 1, wherein allowing /he heat to transfer comprises substantially 
uniformly increasing a permeability of a maifcrity of the selected section. 

39. The method of claim 1, further composing controlling the heat to yield greater than 
about 60 % by weight of condensable hydrocarbons, as measured by the Fischer Assay. 

40. The method of claim 1, wherein producing the mixture comprises producing the 
mixture in a production well and wKerein at least about 7 heat sources are disposed in the 
formation for each production well. 



41. The method of claim 1, further comprising providing heat from three or more heat 

/ 

sources to at least a portion of the formation, wherein three or more of the heat sources 
are located in the formation in/a unit of heat sources, and wherein the unit of heat sources 
comprises a triangular pattern' 



42. The method of claim 1 further comprising providing heat from three or more heat 
sources to at least a portion/of the formation, wherein three or more of the heat sources 
are located in the formation in a unit of heat sources, wherein the unit of heat sources 
comprises a triangular pattern, and wherein a plurality of the units are repeated over an 
area of the formation to form a repetitive pattern of units. 



43. The method of claim 1, further comprising separating the produced mixture into a gas 
stream and a liquid stream. 
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44. The method of claim 1, further comprising separating the produced mixture into a gas 
stream and a liquid stream and separating the liquid stream into an aqueous stream and a 
non-aqueous stream. / 



45. The method of claim 1 5 wherein the produced mixture comprises H?S, the method 
further comprising separating a portion of the H 2 S from non-condensable hydrocarbons. 



46. The method of claim 1, wherein the p/oduced mixture comprises C0 2} the method 
further comprising separating a portion df the C0 2 from non-condensable hydrocarbons. 

47. The method of claim 1, wherein the mixture is produced from a production well, 
wherein the heating is controlled su<^h that the mixture can be produced from the 
formation as a vapor. 

48. The method of claim 1, wherein the mixture is produced from a production well, the 
method further comprising hea/ing a wellbore of the production well to inhibit 
condensation of the mixture Within the wellbore. 



49. The method of claim 1, Wherein the mixture is produced from a production well, 
wherein a wellbore of the production well comprises a heater element configured to heat 
the formation adjacent to the wellbore, and further comprising heating the formation with 
the heater element to produce the mixture, wherein the mixture comprises a large non- 
condensable hydrocarbon gas component and H 2 . 

50. The method of claim 1, wherein the minimum pyrolysis temperature is about 270 °C. 



5 1 . The method of claim L further comprising maintaining the pressure within the 
formation above abo ; ut 2.0 bar absolute to inhibit production of fluids having carbon 
numbers above 25 
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52. The method of claim L further comprising controlling pressure within the formation 
in a range from about atmospheric pressure to about 100 bar, as measured at a wellhead 

of a production well, to control an amount of condensable hydrocarbons within the 

/ 

produced mixture, wherein the pressure is reduced/to increase production of condensable 
hydrocarbons., and wherein the pressure is increased to increase production of non- 
condensable hydrocarbons. 



53. The method of claim 1. further comprising/controlling pressure within the formation 
in a range from about atmospheric pressure to about 100 bar, as measured at a wellhead 
of a production well, to control an API gravity of condensable hydrocarbons within the 
produced mixture, wherein the pressure is reduced to decrease the API eravitv and 
wherein the pressure is increased to reduce the API gravity. 



54. A method of treating a hydrocarbon containing formation in situ, comprising: 

providing heat from one or mbre heat sources to at least a portion of the 
formation; 

allowing the heat to transfer from at least the portion to a selected section of the 
formation substantially by conduction of heat; 

pyrolyzing at least som^hydrocarbons within the selected section of the 
formation; and 

producing a mixture frbm the formation. 

55. The method of claim 54/ wherein the one or more heat sources comprise at least two 
heat sources, and wherein Superposition of heat from at least the two heat sources 
pyrolyzes at least some hydrocarbons within the selected section of the formation. 

56. The method of clai^i 54, wherein the one or more heat sources comprise electrical 
heaters. 



57. The method of daim 54, wherein the one or more heat sources comprise surface 
burners. 
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58. The method of claim 54, wherein the one or more heat sources comprise flameless 

distributed combustors. 



/ 



is 



59. The method of claim 54, wherein the one o/r more heat sources comprise natural 

distributed combustors. 



60. The method of claim 54, further comprising controlling a pressure and a temperature 
within at least a majority of the selected section of the formation, wherein the pressure i 
controlled as a function of temperature, or/he temperature is controlled as a function of 

pressure. 

61. The method of claim 54, further comprising controlling the heat such that an average 
heating rate of the selected section is l/ss than about 1.0 0 C per day during pyrolysis. 

62. The method of claim 54, wherein providing heat from the one or more heat sources to 
at least the portion of formation comprises: 

heating a selected volume m of the hydrocarbon containing formation from the 
one or more heat sources, wherein/the formation has an average heat capacity (C v ). and 
wherein the heating pyrolyzes at least some hydrocarbons within the selected volume of 
the formation; and / 

wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the' equation: 
Hvr = h*V*C v *p„ I 

wherein Pwr is the heati'ng energy/day, h is an average heating rate of the 

formation, p B is formation bulk'density, and wherein the heating rate is less than about 10 
°C/day. ' 

63. The method of claim 54,/wherein providing heat from the one or more heat sources 
comprises heating the selected section such that a thermal conductivity of at least a 
portion of the selected section is greater than about 0.5 W/(m °C). 
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64. The method of claim 54, wherein the produced mixture comprises condensable 

/ 

i 

hydrocarbons having an API gravity of at least about 25°. 

/ 

/ 
/ 

65. The method of claim 54, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 



66. The method of claim 54, wherein the n/oduced mixture comprises non-condensable 
hydrocarbons, and wherein a molar ratioyOf ethene to ethane in the non-condensable 
hydrocarbons ranges from about 0.001 to about 0.15. 



67. The method of claim 54, wherein the produced mixture comprises condensable 

hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 

/ 

basis, of the condensable hydrocarbons is nitrogen. 



68. The method of claim 54, Wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hy/lrocarbons is oxvsen. 



69. The method of claim ^4, wherein the produced mixture comprises condensable 
hydrocarbons, and wheryin less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 



70. The method of clym 54, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 
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71. The method of claim 54, wherein the produced mixturejcomprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 

* 

hydrocarbons are aromatic compounds. 



72. The method of claim 54, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 



73. The method of claim 54, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0/3 % by weight of the condensable 

hydrocarbons are asphaltenes. 

/ 

/ 

74. The method of claim 54, wherein th'e produced mixture comprises condensable 
hydrocarbons, and wherein about 5 °/</by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 



75. The method of claim 54, wherein the produced mixture comprises a non-condensable 
component, wherein the non-condensable component comprises hydrogen, wherein the 
hydrogen is greater than about A 0 % by volume of the non-condensable component, and 
wherein the hydrogen is less man about 80 % by volume of the non-condensable 
component. 



76. The method of claim ^4, wherein the produced mixture comprises ammonia, and 
wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 



77. The method of claim 54, wherein the produced mixture comprises ammonia, and 



:iau 

wherein the ammonia is used to produce fertilizer. 



78. The method of, claim 54. further comprising controlling a pressure within at least a 
majority of the selected section of the formation, wherein the controlled pressure is at 
least about 2.0 bar absolute. 
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79. The method of claim 54, further comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons and H 2 , wherein a partial pressure of H 2 
within the mixture is greater than about 0.5 bar. 

/ 
/ 

80. The method of claim 79, wherein the partial pressure of H 2 is measured when the 
mixture is at a production well. 

8 1 . The method of claim 54, further comprising a/ering a pressure within the formation 
to inhibit production of hydrocarbons from the f/rmation having carbon numbers greater 
than about 25. 



82. The method of claim 54, wherein controlling formation conditions comprises 
recirculating a portion of hydrogen from t/e mixture into the formation. 

83. The method of claim 54, further comprising: 

providing hydrogen (H 2 ) to th/ heated section to hydrogenate hydrocarbons 
within the section; and 

heating a portion of the section with heat from hydrogenation. 

84. The method of claim 54, wher/in the produced mixture comprises hydrogen and 
condensable hydrocarbons, the n/ethod further comprising hydrogenating a portion of the 
produced condensable hydrocar/ons with at least a portion of the produced hydrogen. 

85. The method of claim SiJherein allowing the heat to transfer comprises increasing a 
permeability of a majority o4e selected section to greater than about 100 millidarcy. 

86. The method of claim si wherein allowing the heat to transfer comprises substantially 
uniformly increasing a pe/meability of a majority of the selected section. 
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87. The method of claim 54, further comprising controlling the heat to yield greater than 
about 60 % by weight of condensable hydrocarbons, as measured by the Fischer Assay. 



88. The method of claim 54. wherein producing the mixture comprises producing the 

A 

mixture in a production well, and wherein at least/ about 7 heat sources are disposed in the 
formation for each production well. 



89. The method of claim 54, further comprising providing heat from three or more heat 
sources to at least a portion of the formation/wherein three or more of the heat sources 
are located in the formation in a unit of heax sources, and wherein the unit of heat sources 
comprises a triangular pattern. 



90. The method of claim 54, further comprising providing heat from three or more heat 
sources to at least a portion of the formation, wherein three or more of the heat sources 
are located in the formation in a unit^of heat sources, wherein the unit of heat sources 
comprises a triangular pattern, and ^herein a plurality of the units are repeated over an 

91 . A method ot treating a hydrocarbon containing formation in situ, comprising: 

providing heat from one qr more heat sources to at least a portion of the 
formation; 

allowing the heat to transfer from the one or more heat sources to a selected 
section of the formation; and 

heating the selected sedtion such that a thermal conductivity of at least a portion 
of the selected section is greatfer than about 0.5 W/(m °C). 



92. The method of claim 91 /wherein the one or more heat sources comprise at least two 
heat sources, and wherein ^uperposition of heat from at least the two heat sources 
pyrolyzes at least some hydrocarbons within the selected section of the formation. 



Conlev. Rose & Tavon. PC. 



93. The method of claim 91, wherein controlling formation conditions comprises 

/ 

maintaining a temperature within the selected section within a pyrolysis temperature 

.'! 

t 

ranee. 



94. The method of claim 91, wherein the one <^r more heat sources comprise electrical 
heaters. / 

9 

I 

95. The method of claim 91, wherein the on6 or more heat sources comprise surface 
burners. 



96. The method of claim 91, wherein the/one or more heat sources comprise flameless 

t 

distributed combustors. 

/ 

97. The method of claim 91, wherein^the one or more heat sources comprise natural 
distributed combustors. 



98. The method of claim 91, further comprising controlling a pressure and a temperature 
within at least a majority of the selected section of the formation, wherein the pressure is 
controlled as a function of temperature, or the temperature is controlled as a function of 



pressure. 



99. The method of claim 91, further comprising controlling the heat such that an average 
heating rate of the selected sect/on is less than about 1 °C per day during pyrolysis. 



100. The method of claim 9,1, wherein providing heat from the one or more heat 
sources to at least the portion' of formation comprises: 

heating a selected volume (F) of the hydrocarbon containing formation from the 
one or more heat sources, wherein the formation has an average heat capacity (CV), and 
wherein the heating pyrolyzes at least some hydrocarbons within the selected volume of 
the formation; and 
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wherein heating energy/day provided to the'volume is equal to or less than P\vt\ 
wherein Pwr is calculated by the equation: 
Pwr = h*V*C v *p B 

wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, p B is formation bulk density, and \yherein the heating rate is less than about 10 
°C/day. 



101. The method of claim 9 1 , wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 



102. The method of claim 91, whereinAhe produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 

103. The method of claim 91 , wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1/% by weight to about 15 % by weight of the 
condensable hydrocarbons are olefii 



104. The method of claim 91, wfeerein the produced mixture comprises non- 
condensable hydrocarbons, and wlierein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges/from about 0.001 to about 0.15. 

1 05. The method of claim 91 . ivherein the produced mixture comprises condensable 
hydrocarbons, and wherein less man about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 

1 06. The method of claim 91 , wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 
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107. The method of claim 91, wherein the produced mixture comprises condensable 

hydrocarbons, and wherein less than about 1 % bv weight, when calculated on an atomic 

? 

basis, of the condensable hydrocarbons is sulfur. / 



i 



/ 

i 
t 

108. The method of claim 91, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 3/0 % by weight of the condensable 
hydrocarbons comprise oxygen containing compound and wherein the oxygen 
containing compounds comprise phenols. 

109. The method of claim 91, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about lOfVo by weight of the condensable 
hydrocarbons are aromatic compounds. 



1 10. The method of claim 91, wherein the tiroduced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 ,% by weight of the condensable 
hydrocarbons comprises multi-ring aromatids with more than two rings. 

111. The method of claim 91, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about/0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 

1 12. The method of claim 91, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by/weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 



113. The method of claim 91, wherein the produced mixture comprises a non- 
condensable component, wherein the npn-condensable component comprises hydrogen, 
wherein the hydrogen is greater than apout 10 % by volume of the non-condensable 
component, and wherein the hydrogei] is less than about 80 % by volume of the non- 
condensable component. 
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1 14. The method of claim 91, wherein the produced mixture qomprises ammonia, and 
wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

i 

1 15 . The method of claim 91, wherein the produced mixture comprises ammonia, and 

it 

wherein the ammonia is used to produce fertilizer. / 

1 16. The method of claim 91, further comprising controlling a pressure within at least 
a majority of the selected section of the formation, wherein the controlled pressure is at 
least about 2.0 bar absolute. / 

1 17. The method of claim 91, further comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons and H^/wherein a partial pressure of H2 
within the mixture is greater than about 0.5 bar. / 

118. The method of claim 117, wherein the partial ipressure of H 2 is measured when the 
mixture is at a production well. / 

119. The method of claim 9 1 , further comprising! altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. / 

ng formation conditions comprises 
ire into the formation. 

121. The method of claim 9 1 , further comprising: 

providing hydrogen (H2) to the heated section to hydrogenate hydrocarbons 
within the section; and / 

heating a portion of the section with neat from hydrogenation. 



120. The method of claim 91, wherein control] 
recirculating a portion of hydrogen from the mi: 
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122. The method of claim 91, wherein the produced mixture comprises hydrogen and 
condensable hydrocarbons, the method further comprising hydrogenating a portion of the 
produced condensable hydrocarbons with at least a portion of the produced hydrogen. 



* 

123. The method of claim 91, wherein allowing the/ heat to transfer comprises 
increasing a permeability of a majority of the selectea section to greater than about 100 
millidarcy. 



124. The method of claim 91 , wherein allowing ihe heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 



125. The method of claim 91, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by the Fischer 

Assay. 



126. The method of claim 91, wherein producing the mixture comprises producing the 
mixture in a production well, and wherein at least about 7 heat sources are disposed in the 
formation for each production well. 



127. The method of claim 91, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in £ unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 



128. The method of claim 91, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation' in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 



129. A method of treating a hydrocarbon containing formation in situ, comprising: 
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providing heat from one or more heat sources to at least a portion of the 
formation; f 

allowing the heat to transfer from the one or more heat sources to a selected 
section of the formation; 

controlling the heat from the one or more heat^sources such that an average 
temperature within at least a majority of the selected/section of the formation is less than 
about 370 °C such that production of a substantial amount of hydrocarbons having carbon 
numbers greater than 25 is inhibited; / 

controlling a pressure within at least a majority of the selected section of the 
formation, wherein the controlled pressure is at least 2.0 bar; and 

producing a mixture from the formation, wherein about 0. 1 % by weight of the 
produced mixture to about 15 % by weight yof the produced mixture are olefins, and 
wherein an average carbon number of the produced mixture ranges from 1-25. 

130. The method of claim 129, wherein the one or more heat sources comprise at least 
two heat sources, and wherein superposition of heat from at least the two heat sources 
pyrolyzes at least some hydrocarbon/ within the selected section of the formation. 

131. The method of claim 1 29, wherein controlling formation conditions comprises 
maintaining a temperature within/the selected section within a pyrolysis temperature 
range. / 

132. The method of claim 129, wherein the one or more heat sources comprise 
electrical heaters. / 

133. The method of clainy 129, wherein the one or more heat sources comprise surface 
burners. / 

134. The method of claim 129, wherein the one or more heat sources comprise 
flameless distributed combustors. 
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135. The method of claim 129, wherein the one or more heat sources comprise natural 
distributed combustors. 

i 
* 

/ 

1 36. The method of claim 129, further comprising controlling a pressure and a 
temperature within at least a majority of the selected sectiotyof the formation, wherein 
the pressure is controlled as a function of temperature, or tjie temperature is controlled as 
a function of pressure. 



137. The method of claim 129, further comprising controlling the heat such that an 
average heating rate of the selected section is less than about 1 °C per day during 
pyrolysis. 

138. The method of claim 129, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (I 7 ) of the hydrocarbon containing formation from the 
one or more heat sources, wherein the formation has an average heat capacity (C v ), and 
wherein the heating pyrolyzes at least some hydrocarbons within the selected volume of 
the formation; and 

wherein heating energy/day provided to the volume is equal to or less than Pwr. 
wherein Pwr is calculated by the equatipn: 
Pwr = /z*F*C v *Pa 

wherein Pwr is the heating energy /day, h is an average heating rate of the 
formation. p B is formation bulk density, and wherein the heating rate is less than about 10 
°C/dav. 



1 39. The method of claim 129, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 



140. The method of claim 129, wherein providing heat from the one or more heat 
sources comprises heating the ^elected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 
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141. The method of claim 129, wherein the produced mixture comprises condensable 

hydrocarbons, and wherein about 0.1 % by weight /to' about 15 % by weight of the 

/ 

condensable hydrocarbons are olefins. / 



142. The method of claim 129, wherein the^produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 

143. The method of claim 129, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight when calculated on an atomic 

basis, of the condensable hydrocarbons is nitrogen. 

/ 

/ 

/ 

144. The method of claim 129. wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 



145. The method of claim 12p, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 



146. The method of claim II 29, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 



147. The method of claim 129, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 
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148. The method of claim 129, wherein the produced mixture comprises condensable 
hvdrocarbons. and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 

149. The method of claim 129, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. / 

1 50. The method of claim 129, wherein me produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % byyweight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 

151. The method of claim 129, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component, 

152. The method of claim 129, wherein the produced mixture comprises ammonia, and 
wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

153. The method of claim 129, wherein the produced mixture comprises ammonia, and 
wherein the ammonia is used to produce fertilizer. 

154. The method of claim 129, further comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons and H2, wherein a partial pressure of Fh 
within the mixture is greater than about 0.5 bar. 

155. The method of claim 154, wherein the partial pressure of H2 is measured when the 
mixture is at a production well. 
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156. The method of claim 129, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 

numbers greater than about 25. 

5 / 

157. The method of claim 129, further comprising: j 
providing hydrogen (H2) to the heated section to hy/irogenate hydrocarbons 

within the section; and 

heating a portion of the section with heat from hydrogenation. 

I 

158. The method of claim 129, wherein the produced mixture comprises hydrogen and 
condensable hydrocarbons, the method further comprising hydrogenating a portion of the 
produced condensable hydrocarbons with at least/^ portion of the produced hydrogen. 



159. The method of claim 129, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 100 
millidarcy. 



160. The method of claim 129, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 



161. The method of claim 129, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by the Fischer 
Assay. 



162. The method of claim 12^, wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for each production well. 



163. The method of claim' 129, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 



297 Conlev. Rose & Tavon. P.C. 



sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 



164. The method of claim 129. further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wnerein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 



165. The method of claim 129, further comprising separating the produced mixture 
into a gas stream and a liquid stream. 



166. The method of claim 129, further comprising separating the produced mixture 
into a gas stream and a liquid stream andyseparating the liquid stream into an aqueous 
stream and a non-aqueous stream. 



167. The method of claim 129, wherein the produced mixture comprises H2S, the 
method further comprising separating a portion of the H2S from non-condensable 
hvdrocarbons. 



168. The method of claim 129, Avherein the produced mixture comprises CO2, the 
method further comprising separating a portion of the CO2 from non-condensable 
hydrocarbons. 



169. The method of claim 1'29, wherein the mixture is produced from a production 
well, wherein the heating is Controlled such that the mixture can be produced from the 
formation as a vapor. 



1 70. The method of claim 129, wherein the mixture is produced from a production 
well, the method further comprising heating a wellbore of the production well to inhibit 
condensation of the mixt/ure within the wellbore. 
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171. The method of claim 129, wherein the mixture is produced from a production 
well, wherein a wellbore of the production well comprises a heater element configured to 
heat the formation adjacent to the wellbore, and further comprising heating the formation 
with the heater element to produce the mixture, wherein the produced mixture comprise a 
large non-condensable hydrocarbon gas component aryd FT?. 



172. The method of claim 129, wherein the minin/um pyrolysis temperature is about 
270 °C. 



173. The method of claim 129, further comprising maintaining the pressure within the 
formation above about 2.0 bar absolute to inhitjit production of fluids having carbon 
numbers above 25. 



174. The method of claim 129, further comprising controlling pressure within the 

I 

formation in a range from about atmospheric pressure to about 100 bar absolute, as 

/ 

measured at a wellhead of a production well, to control an amount ot condensable fluids 
within the produced mixture, wherein thl pressure is reduced to increase production of 
condensable fluids, and wherein the pressure is increased to increase production of non- 
condensable fluids. 



1 75. The method of claim 129, further comprising controlling pressure within the 
formation in a range from about atmospheric pressure to about 100 bar absolute, as 
measured at a wellhead of a production well, to control an API gravity of condensable 
fluids within the produced mixture, wherein the pressure is reduced to decrease the API 
gravity, and wherein the pressure is increased to reduce the API gravity. 



1 76. A method of treating j. hydrocarbon containing formation in situ, comprising: 

providing heat from pne or more heat sources to at least a portion of the 
formation; 
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allowing the heat to transfer from the one or more heat sources to a selected 
section of the formation; 

controlling a pressure within at least a majority of the selected section of the 
formation, wherein the controlled pressure is at least about £.0 bar absolute; and 

producing a mixture from the formation. 




177. The method of claim 176, wherein controlling the pressure comprises controlling 
the pressure with a valve coupled to at least one of the/>ne or more heat sources. 

1 78. The method of claim 176. wherein controlling the pressure comprises controlling 
the pressure with a valve coupled to a production well located in the formation. 

/ 

1 79. The method of claim 176, wherein the on'e or more heat sources comprise at least 
two heat sources, and wherein superposition omieat from at least the two heat sources 
pyrolyzes at least some hydrocarbons within the selected section of the formation. 

1 80. The method of claim 1 76, wherein controlling formation conditions comprises 
maintaining a temperature within the selected section within a pyrolysis temperature 
range. 

181. The method of claim 1 76, wherein the one or more heat sources comprise 
electrical heaters. 



182. The method of claim 176, wh'erein the one or more heat sources comprise surface 
burners. 



1 83 . The method of claim 1 76, wherein the one or more heat sources comprise 
flameless distributed combustors( 



184. The method of claim 176, wherein the one or more heat sources comprise natural 

I 

distributed combustors. 
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185. The method of claim 1 76, further comprising controlling a temperature within at 
least a majority of the selected section of the formation, wherein the pressure is 
controlled as a function of temperature, or the temperature is controlled as a function of 
pressure. 



/ 



/ 

/ 



1 86. The method of claim 1 76, further comprising controlling the heat such that an 

/ 

average heating rate of the selected section is less than^bout 1 °C per day during 
pyrolysis. 



187. The method of claim 176, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (V) of the hydrocarbon containing formation from the 

/ 

one or more heat sources, wherein the formation has an average heat capacity (C v ). and 

./ 

15 wherein the heating pyrolyzes at least som^/hydrocarbons within the selected volume of 
the formation; and 

wherein heating energy/day provided to the volume is equal to or less than Pwr. 
wherein Pwr is calculated by the equation: 
Pwr = h*V*C v *p B 

20 wherein Pwr is the heating energy/day, h is an average heating rate of the 

formation, p B is formation bulk density, and wherein the heating rate is less than about 10 
°C/day. 



188. The method of claim 176/ wherein allowing the heat to transfer comprises 
25 transferring heat substantially by conduction. 



1 89. The method of claim 1 76, wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 

10 
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190. The method of claim 176, wherein the produced mixture comprises condensable 

) ; 

hydrocarbons having an API gravity of at least about 25°. 

191. The method of claim 1 76, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0. 1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. / 

192. The method of claim 1 76, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about/). 001 to about 0.15. 

193. The method of claim 176, wherein me produced mixture comprises condensable 
hydrocarbons, and wherein less than abou/ 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 

194. The method of claim 176, whe/ein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hvdrocarboms is oxveen. 

195. The method of claim 176, /vherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 

196. The method of claim V76, wherein the produced mixture comprises condensable 
hvdrocarbons. wherein about/ 5 % bv weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 

197. The method of claim 176, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 
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198. The method of claim 176. wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 

j \ 

199. The method of claim 176, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by/weight of the condensable 
hydrocarbons are asphaltenes. / 

200. The method of claim 1 76, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weignt to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. / 

201 . The method of claim 176, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. / 

202. The method of claim 1 76, wherein the produced mixture comprises ammonia, and 
wherein greater than about 0.05 % by/weight of the produced mixture is ammonia. 

203. The method of claim 176, wfterein the produced mixture comprises ammonia, and 
wherein the ammonia is used to produce fertilizer. 

204. The method of claim 176 ; rurther comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons and H2, wherein a partial pressure of H2 
within the mixture is greater than about 0.5 bar. 

205. The method of claim 2©4, wherein the partial pressure of H2 is measured when the 
mixture is at a production well. 
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206. The method of claim 1 76, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 

* 

numbers greater than about 25. 

207. The method of claim 1 76, wherein controlling formation conditions comprises 
recirculating a portion of hydrogen from the mixture into the formation. 



208. The method of claim 176, further comprising: 
providing hydrogen (H2) to the heated s^tion to hydrogenate hydrocarbons 

within the section; and 

heating a portion of the section with hfeat from hydrogenation. 

209. The method of claim 176, wherein/he produced mixture comprises hydrogen and 
condensable hydrocarbons, the method farther comprising hydrogenating a portion of the 
produced condensable hydrocarbons wi/h at least a portion of the produced hydrogen. 

210. The method of claim 176, wherein allowing the heat to transfer comprises 
increasing a permeability of a majoryty of the selected section to greater than about 100 
millidarcy. 

211. The method of claim 1 76, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 

212. The method of claim 1 id, further comprising controlling the heat to yield greater 
than about 60 % by weight of qondensable hydrocarbons, as measured by the Fischer 

Assay. 



213. The method of claim/176, wherein producing the mixture from the formation 
comprises producing the mixture in a production well, and wherein at least about 7 heat 



sources are disposed in the 



formation for each production well. 
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214. A method of treating a hydrocarbon containing formation in situ, comprising: 
providing heat from one or more heat sources to at /east a portion of the 

formation; / 
5 allowing the heat to transfer from the one or more heat sources to a selected 

section of the formation; and / 

controlling a pressure within at least a majority of the selected section of the 
formation, wherein the controlled pressure is at least about 2.0 bar absolute; 

controllinq the heat from the one or more Meat sources such that an average 
10 temperature within at least a majority of the selected section of the formation is less than 
about 375 °C; and / 
producing a mixture from the formation. 

215. The method of claim 214, wherein^ the one or more heat sources comprise at least 
15 two heat sources, and wherein superposition of heat from at least the two heat sources 

pyrolyzes at least some hydrocarbons within the selected section of the formation. 

216. The method of claim 214, wnerein controlling formation conditions comprises 
maintaining a temperature within tne selected section within a pyrolysis temperature 

20 range. / 

217. The method of claim 2 14, wherein the one or more heat sources comprise 
electrical heaters. / 

25 218. The method of clainy 2 14, wherein the one or more heat sources comprise surface 
burners. / 

219. The method of craim 214, wherein the one or more heat sources comprise 
flameless distributed combustors. 
30 / 
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220. The method of claim 214, wherein the one or more heat sources comprise natural 
distributed combustors. / 



221. The method of claim 214, further comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. / 

222. The method of claim 214, further comprising controlling the heat such that an 
average heating rate of the selected section is /ess than about 1 °C per day during 
pyrolysis. / 

223. The method of claim 214, whereiiy providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (V) offthe hydrocarbon containing formation from the 
one or more heat sources, wherein the formation has an average heat capacity (C v ), and 
wherein the heating pyrolyzes at leastAome hydrocarbons within the selected volume of 
the formation; and / 

wherein heating energy/day provided to the volume is equal to or less than Pwr, 



formation, p B is formation bulk density, and wherein the heating rate is less than about 10 



224. The method of claim 214, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 

225. The method of claim 214, wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0,5 W/(m °C). 





Pwr = h*V*C v *p B / 

wherein Pwr is the heating energy/day, h is an average heating rate of the 



°C/day. 
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226. The method of claim 214, wherein the produced mixture comprises condensable 
hvdrocarbons havins an API eravitv of at least about 25°. 

/ 

227. The method of claim 214, wherein the produc/ed mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight tp about 15 % by weight of the 
condensable hydrocarbons are olefins. / 

228. The method of claim 214, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight 
of the non-condensable hydrocarbons are olefms. 

229. The method of claim 214, wherein ttte produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from abfout 0.001 to about 0.15. 

230. The method of claim 214, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than apout 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitroeen. 

23 1 . The method of claim 214, wnerein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 

232. The method of claim 214, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein lessfthan about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 

233. The method of claimC14, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
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hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. / : 

: i 

234. The method of claim 214, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20j% by weight of the condensable 
hydrocarbons are aromatic compounds. 



235. The method of claim 214, wherein the Produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromaticsr with more than two rings. 



236. The method of claim 214, wherein pe produced mixture comprises condensable 
hydrocarbons, and wherein less than abou/0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 

237. The method of claim 214, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % py weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalicanes. 



238. The method of claim 214, wherein the produced mixture comprises a non- 
condensable component, wherein t^e non-condensable component comprises hydrogen, 
wherein the hydrogen is greater th^n about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. 



239. The method of claim 2/14, wherein the produced mixture comprises ammonia, and 
wherein greater than about 0./)5 % by weight of the produced mixture is ammonia. 



240. The method of claim 214, wherein the produced mixture comprises ammonia, and 
wherein the ammonia is used to produce fertilizer. 
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241 . The method of claim 214, wherein controlling the heat further comprises 
controlling the heat such that coke production is inhibited. 



242. The method of claim 214, further comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons and/l-k, wherein a partial pressure of H2 
within the mixture is greater than about 0.5 bar. 



243. The method of claim 242, wherein the partial pressure of H 2 is measured when the 
mixture is at a production well. 



244. The method of claim 214, further comprising altering the pressure within the 
formation to inhibit production of hydrocarbpns from the formation having carbon 
numbers greater than about 25. 



245. The method of claim 214, wherein controlling formation conditions comprises 
recirculating a portion of hydrogen from/the mixture into the formation. 



246. The method of claim 214, further comprising: 

providing hydrogen (H2) to thf heated section to hydrogenate hydrocarbons 
within the section; and 

heating a portion of the section with heat from hydrogenation. 



247. The method of claim 214, wherein the produced mixture comprises hydrogen and 
condensable hydrocarbons, the method further comprising hydrogenating a portion of the 
produced condensable hydrocarbons with at least a portion of the produced hydrogen. 



248. The method of claim 21/4, wherein allowing the heat to transfer comprises 
increasing a permeability of a /najority of the selected section to greater than about 100 
millidarcy. 
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249. The method of claim 214, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 



250. The method of claim 214, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by the Fischer 
Assay. 



251. The method of claim 214, wherein producing the mixture comprises producing 
the mixture in a production well, and wherei/i at least about 7 heat sources are disposed in 
the formation for each production well. 

252. The method of claim 214, further pmprising providing heat from three or more 
heat sources to at least a portion of the fdrmation, wherein three or more of the heat 
sources are located in the formation in qfunit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

253. The method of claim 214, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation^in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 

254. A method of treating a hydrocarbon containing formation in situ, comprising: 
providing heat from one or more heat sources to at least a portion of the 

formation; 

allowing the heat to transfer from the one or more heat sources to a selected 
section of the formation; 

producing a mixture from the formation, wherein' at least a portion of the mixture 
is produced during the pyrol/sis and the mixture moves through the formation in a vapor 
phase; and 

maintaining a pressure within at least a majority of the selected section above 
about 2.0 bar absolute. / 
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255. The method of claim 254, wherein the one or m,bre heat sources comprise at least 

s 

I 

two heat sources, and wherein superposition of heat from at least the two heat sources 
pyrolyzes at least some hydrocarbons within the selected section of the formation. 

256. The method of claim 254, wherein controlling formation conditions comprises 
maintaining a temperature within the selected section within a pyrolysis temperature 
range. 



257. The method of claim 254, wherein the one or more heat sources comprise 
electrical heaters. 



258. The method of claim 254, wherein the one or more heat sources comprise surface 
burners. 



259. The method of claim 254, wherein the one or more heat sources comprise 
flameless distributed combustors. 



260. The method of claim 254, wherein the one or more heat sources comprise natural 
distributed combustors. 



261 . The method of claim 254, further comprising controlling the pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. 



262. The method of claim 254, further comprising controlling the heat such that an 
average heating rate of the selected section is less than about 1 °C per day during 
pyrolysis. 
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263. The method of claim 254, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (V) of the hydrocarbon containing formation from the 
one or more heat sources, wherein the formation has an average heat capacity (C v ), and 
wherein the heating pyrolyzes at least some hydrocarbons within the selected volume of 
the formation; and / 

wherein heating energy/day provided to/the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: / 

Pwr = h*V*C v *p B / 

wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, p B is formation bulk density, ana wherein the 'heating rate is less than about 1 0 
°C/dav. / 

264. The method of claim 254, whe/ein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 

265. The method of claim 254, wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section ys greater than about 0.5 W/(m °C). 

266. The method of claim 254, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 

267. The method of claim 254, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 

268. The method of claim 254, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight 
of the non-condensable hydrocarbons are olefins. 
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269. The method of claim 254, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to .about 0.15. 

270. The method of claim 254, wherein the produced mixture comprises condensable 
hvdrocarbons, and wherein less than about 1 % bv weiaht. when calculated on an atomic 
basis, of the condensable hvdrocarbons is nitrogen/ 

271. The method of claim 254, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 %roy weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 

272. The method of claim 254, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about / % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 

273. The method of claim 254, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by wdight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 

274. The method of claim 254, wfterein the produced mixture comprises condensable 
hydrocarbons, and wherein greater man about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 

275. The method of claim 254/ wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 
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276. The method of claim 254, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 

277. The method of claim 254, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight Ao about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. / 

278. The method of claim 254, wherein thaproduced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about fl 0 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. / 

279. The method of claim 254, wherein the produced mixture comprises ammonia, and 
wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

280. The method of claim 254, wnerein the produced mixture comprises ammonia, and 
wherein the ammonia is used to produce fertilizer. 

28 1 . The method of claim 254, wherein the pressure is measured at a wellhead of a 
production well. / 

282. The method of claim 254, wherein the pressure is measured at a location within a 
wellbore of the production well. 

283. The method of claim 254, wherein the pressure is maintained below about 100 bar 
absolute. / 
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284. The method of claim 254, further comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons and Fb, wherein a partial pressure of H2 
within the mixture is greater than about 0.5 bar. 

285. The method of claim 284, wherein the partial /pressure of H2 is measured when the 
mixture is at a production well. / 

286. The method of claim 254, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. / 

287. The method of claim 254, wherein controlling formation conditions comprises 
recirculating a portion of hydrogen from the mixture into the formation. 

288. The method of claim 254, further comprising: 

providing hydrogen (H2) to the heajfed section to hydrogenate hydrocarbons 
within the section; and / 

heating a portion of the section wijih heat from hydrogenation. 

289. The method of claim 254, wherein the produced mixture comprises hydrogen and 
condensable hydrocarbons, the method further comprising hydrogenating a portion of the 
produced condensable hydrocarbons with at least a portion of the produced hydrogen. 

290. The method of claim 254, whrfrein allowing the heat to transfer comprises 
increasing a permeability of a majoruy of the selected section to greater than about 100 
millidarcy. / 

291. The method of claim 254, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 



Conley, Rose & Tayon. P.C. 



292. The method of claim 254, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by the Fischer 
Assav. 

t 

t 

293. The method of claim 254. wherein produc/ng the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for each production well. / 

294. The method of claim 254, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. / 

295. The method of claim 254, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in &unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, And wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

296. A method of treating a hydrocarbon containing formation in situ, comprising: 
providing heat from one or more heat sources to at least a portion of the 

formation; / 

allowing the heat to transfer from the one or more heat sources to a selected 
section of the formation; / 

maintaining a pressure within at least a majority of the selected section of the 
formation above 2.0 bar absolute; and 

producing a mixture from the formation, wherein the produced mixture comprises 
condensable hydrocarbons lraving an API gravity higher than an API gravity of 
condensable hydrocarbons p a mixture producible from the formation at the same 
temperature and at atmospheric pressure. 



\ 
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297. The method of claim 296, wherein the one or more heat sources comprise at least 
two heat sources, and wherein superposition of heat from at least the two heat sources 
pyrolyzes at least some hydrocarbons within the selected section of the formation. 

298. The method of claim 296, wherein controlling formation conditions comprises 

> 

maintaining a temperature within the selected sectton within a pyrolysis temperature 
range. / 

299. The method of claim 296, wherein the one or more heat sources comprise 
electrical heaters. / 

/ « 

300. The method of claim 296, wherein the one or more heat sources comprise surface 
burners. / 

301. The method of claim 296, wherein the one or more heat sources comprise 

/ 

flameless distributed combustors. 

302. The method of claim 296, wherein the one or more heat sources comprise natural 
distributed combustors. j 

303. The method of claim 296, fiirther comprising controlling the pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 

the pressure is controlled as a function of temperature, or the temperature is controlled as 

i 

a function of pressure. / 

i 

304. The method of claim 296, further comprising controlling the heat such that an 
average heating rate of the selected section is less than about 1 °C per day during 
pyrolysis. 

305. The method of claim 296, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 
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heating a selected volume (V) of the hydrocarbon containing formation from the 
one or more heat sources, wherein the formation has an average heat capacity (C v ), and 
wherein the heating pyrolyzes at least some hydrocarbons within the selected volume of 
the formation: and 

/ 

wherein heating energy/day provided to th^ volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 
Pwr = h*V*C v *p B 

wherein Pwr is the heating energy/day/ h is an average heating rate of the 
formation, p B is formation bulk density, and jvherein the heating rate is less than about 10 
°C/dav. 



306. The method of claim 296, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 

307. The method of claim 296, wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 

308. The method of claim 296,/wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 



309. The method of claim 296, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 



310. The method of claim 296, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight 
of the non-condensable/hydrocarbons are olefins. 
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311. The method of claim 296, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 

/ 

312. The method of claim 296, wherein the produced mi/ture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weigfrL vyhen calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. / 1 

313. The method of claim 296, wherein the prodyced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 

3 14. The method of claim 296, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about/l % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons i/sulfur. 

315. The method of claim 296, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by/weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen con/taining compounds, and wherein the oxygen 
containing compounds comprise onenols. 

316. The method of claim 296, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 

3 1 7. The method of claim 296, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 
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318. The method of claim 296, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 



319. The method of claim 296, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about ,80 % by weight of the 
condensable hydrocarbons are cycloalkanes. 



320. The method of claim 296, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less th^n about 80 % by volume of the non- 
condensable component. 



321. The method of claim 296, wherein tne produced mixture comprises ammonia, and 
wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 



322. The method of claim 296, where/n the produced mixture comprises ammonia, and 

wherein the ammonia is used to produce fertilizer. 

/ 



/ 



323. The method of claim 296, further comprising controlling formation conditions to 



produce a mixture of condensable ^ydrocarbons and H2, wherein a partial pressure of H2 
within the mixture is greater than About 0.5 bar. 



324. The method of claim 296, wherein the partial pressure of H 2 is measured when the 
mixture is at a production well/ 

/ 

325. The method of claim 296, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 
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326. The method of claim 296, wherein controlling formation conditions comprises 
recirculating a portion of hydrogen from the mixture into thei formation. 

327. The method of claim 296, further comprising: 
providing hydrogen (H2) to the heated section to /lydrogenate hydrocarbons 

within the section; and 

heating a portion of the section with heat from/hydrogenation. 



328. The method of claim 296, wherein the produced mixture comprises hydrogen and 
condensable hydrocarbons, the method further comprising hydrogenating a portion of the 
produced condensable hydrocarbons with at leas/ a portion of the produced hydrogen. 



329. The method of claim 296, wherein allo/ving the heat to transfer comprises 
increasing a permeability of a majority of the/selected section to greater than about 100 
millidarcy. 



330. The method of claim 296, wherein/allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 



/ 

331. The method of claim 296, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by the Fischer 
Assay. / 



332. The method of claim 296. wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for each production well. 



333. The method of claim 296, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the fomiation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 
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334. The method of claim 296, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 



335. A method of treating a hydrocarbon containing formation in situ, comprising: 
providing heat from one or more heat sources to at least a portion of the 

formation; 

allowing the heat to transfer from the onjk or mone heat sources to a selected 
section of the formation; 

maintaining a pressure within at least f majority of the selected section of the 
formation to above 2.0 bar absolute; and 

producing a fluid from the formation, wherein condensable hydrocarbons within 
the fluid comprise an atomic hydrogen to atomic carbon ratio of greater than about 1 .75. 

336. The method of claim 335, where^d the one or more heat sources comprise at least 
two heat sources, and wherein superposition of heat from at least the two heat sources 
pyrolyzes at least some hydrocarbons ^vithin the selected section of the formation. 

/ 

» 

/ 

337. The method of claim 335, wherein controlling formation conditions comprises 

/ 

maintaining a temperature within tl/e selected section within a pyrolysis temperature 
range. 



338. The method of claim 335/ wherein the one or more heat sources comprise 
electrical heaters. 



339. The method of claim $5, wherein the one or more heat sources comprise surface 
burners. 
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340. The method of claim 335, wherein the one or more heat sources comprise 
flameless distributed combustors. 



341. The method of claim 335, wherein the one or m9re heat sources comprise natural 
distributed combustors. 



342. The method of claim 335, further comprising controlling the pressure and a 
temperature within at least a majority of the selectoa section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. 



343. The method of claim 335, further cormmsing controlling the heat such that an 
average heating rate of the selected section i/ less than about 1 °C per day during 
pyrolysis. 

344. The method of claim 335, wherei^l providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (V) of the hydrocarbon containing formation from the 
one or more heat sources, wherein the formation has an average heat capacity (C v ), and 
wherein the heating pyrolyzes at leasl/some hydrocarbons within the selected volume of 
the formation; and 

wherein heating energy/day Provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 
Pwr = /**K*C v *Ps 

wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation. p B is formation bulk density, and wherein the heating rate is less than about 10 

°C/dav. 



345. The method of claim ^35, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 
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346. The method of claim 335, wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 

j 

A 

347. The method of claim 335, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 

w 

! 
i 

348. The method of claim 335, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 



349. The method of claim 335, wherein tihe produced mixture comprises non- 
condensable hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight 
of the non-condensable hydrocarbons are^olefins. 



350. The method of claim 335, wheyein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 



351. The method of claim 335, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less tnan about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 



352. The method of claim 3£5, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein le£s than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 



353. The method of claim 335, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable/hydrocarbons is sulfur. 
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354. The method of claim 335, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 

355. The method of claim 335, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 2(f % by weight of the condensable 
hydrocarbons are aromatic compounds. 

356. The method of claim 335, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about p % by weight of the condensable 
hydrocarbons comprises multi-ring aromajtics with more than two rings. 

357. The method of claim 335, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than al/out 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 

358. The method of claim 335, w/erein the produced mixture comprises condensable 

hydrocarbons, and wherein about j% by weight to about 30 % by weight of the 

condensable hydrocarbons are cycloalkanes. 

/ 
/ 

359. The method of claim 335, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component, j 

i 

360. The method of clajjfn 335, wherein the produced mixture comprises ammonia, and 
wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 
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361 . The method of claim 335, wherein the produced mixture comprises ammonia, and 
wherein the ammonia is used to produce fertilizer. 



10 



us? 



JUS.;? 

eta 



sc. 

i 5 



n 



362. The method of claim 335, further comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons and H2, wherein a partial pressure of H2 

1 

within the mixture is greater than about 0.5 bar. *' 

363. The method of claim 335, wherein the partial pressure of H 2 is measured when the 
mixture is at a production well. 



364. The method of claim 335, further comprising altering the pressure within the 
f=l formation to inhibit production of hydrocarbons from the formation having carbon 

numbers greater than about 25. 



15 365. The method of claim 335, wherein controlling formation conditions comprises 
recirculating a portion of hydrogen from the mixture into the formation. 



366. The method of claim 335, fiurther comprising: 
providing hydrogen (H2) tq the heated section to hydrogenate hydrocarbons 

20 within the section; and 

heating a portion of the section with heat from hydrogenation. 

367. The method of claim 335, wherein the produced mixture comprises hydrogen and 
condensable hydrocarbons, the method further comprising hydrogenating a portion of the 

25 produced condensable hydrocarbons with at least a portion of the produced hydrogen. 

368. The method of claim 335, wherein allowing the heat to transfer comprises 
increasing a permeability pf a majority of the selected section to greater than about 100 
millidarcv. 

30 
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369. The method of claim 335, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 

370. The method of claim 335, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocar/ons, as measured by the Fischer 
Assay. 



371 . The method of claim 335, wherein producing the mixture comprises producing 
the mixture in a production well, and wherein g/t least about 7 heat sources are disposed in 
the formation for each production well. 

372. The method of claim 335, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a ^it of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 



373. The method of claim 335, furtMer comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation/in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 



374. A method of treating a Hydrocarbon containing formation in situ, comprising: 

providing heat from ot/e or more heat sources to at least a portion of the 
formation; 

allowing the heat to )fransfer from the one or more heat sources to a selected 
section of the formation; 

maintaining a pressure within at least a majority of the selected section of the 
formation to above 2.0 bar absolute; and 

producing a mixtrure from the formation, wherein the produced mixture comprises 
a higher amount of non/condensable components as compared to non-condensable 
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components producible from the formation under the same temperature conditions and at 
atmospheric pressure. 



375. The method of claim 374, wherein the one or more heat sources comprise at least 
two heat sources, and wherein superposition of heat from at least the two heat sources 
pyrolyzes at least some hydrocarbons within the selected section of the formation. 



376. The method of claim 374, wherein controlling formation conditions comprises 
maintaining a temperature within the selected section within a pyrolysis temperature 
range. 



377. The method of claim 374, wherein thqr one or more heat sources comprise 
electrical heaters. 



378. The method of claim 374, whereii/ the one or more heat sources comprise surface 
burners. 



379. The method of claim 374, whe/ein the one or more heat sources comprise 
flameless distributed combustors. 



380. The method of claim 374, wfnerein the one or more heat sources comprise natural 
distributed combustors. 



381. The method of claim 374( further comprising controlling the pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a $inction of temperature, or the temperature is controlled as 
a function of pressure. 



382. The method of claim 374, further comprising controlling the heat such that an 
average heating rate of the ^elected section is less than about 1 °C per day during 
pyrolysis. 
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383. The method of claim 374, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises:/ 

heating a selected volume (V) of the hydrocarbon containing formation from the 
one or more heat sources, wherein the formation has an average heat capacity (C v ), and 
wherein the heating pyrolyzes at least some hydrocarbons within the selected volume of 
the formation; and 

wherein heating energy/day provided to/he volume is equal to or less than Pwr. 
wherein Pwr is calculated by the equation: 
Pwr - h*V*C v *p B 

wherein Pwr is the heating energy/d6y, h is an average heating rate of the 
formation. p B is formation bulk density, aip wherein the heating rate is less than about 10 
°C/day. 



384. The method of claim 374, wherein allowing the heat to transfer comprises 

transferring heat substantially by conduction. 

/ 

j 

385. The method of claim 374, wherein providing heat from the one or more heat 
— ^ h ea, ing th e se/ce, sec ti o„ SUch , h a, a ^ co„« rf. _ 

a portion of the selected section is greater than about 0.5 W/(m °C). 



386. The method of claim 3F4, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 



387. The method of claim 374, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 



388. The method of claim 374, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight 
of the non-condensablt hvdrocarbons are olefins. 
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389. The method of claim 374, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.0(>i to about 0.15. 



390. The method of claim 374, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 °/Jby weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 

391 . The method of claim 374, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than abouy 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is/oxygen. 



392. The method of claim 374, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than a/out 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 



393. The method of claim 374, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 %/by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 



394. The method of claim 374, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 



395, The method of claim 374, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises^ multi-ring aromatics with more than two rings. 
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396. The method of claim 374, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 



397. The method of claim 374, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 



condensable hydrocarbons are cycloalkanes. 



398. The method of claim 374, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10/% by volume of the non-condensable 
component, and wherein the hydrogen is less'than about 80 % by volume of the non- 
condensable component. 



399. The method of claim 374, wherein the produced mixture comprises ammonia, and 
wherein greater than about 0.05 % by w/ight of the produced mixture is ammonia. 



400. The method of claim 374, wherein the produced mixture comprises ammonia, and 
wherein the ammonia is used to produce fertilizer. 

401 . The method of claim 374, further comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons and H2, wherein a partial pressure of H2 
within the mixture is greater than/about 0.5 bar. 

/ 

402. The method of claim 37.4, wherein the partial pressure of H2 is measured when the 
mixture is at a production well/ 

403. The method of clainy374, further comprising altering the pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 
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404. The method of claim 374, further comprising: 

providing hydrogen (H2) to the heated section to hydrogenate hydrocarbons 
within the section; and 

heating a portion of the section with heat from jiydrogenation. 

/ 

f 
1 

405. The method of claim 374, wherein the produced mixture comprises hydrogen and 
condensable hydrocarbons, the method further comprising hydrogenating a portion of the 
produced condensable hydrocarbons with at least a portion of the produced hydrogen. 

406. The method of claim 374, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 100 
millidarcy. 

407. The method of claim 374, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 

408. The method of claim 374, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by the Fischer 

Assay. 

409. The method of claim 374, wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for each production well. 

410. The method of claim 374, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

411. The method of claim 374, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 



332 Conlev. Rose & Tavon. PC. 



sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 



412. A method of treating a hydrocarbon containing /ormation in situ, comprising: 
providing heat from one or more heat sources /o at' least a portion of the 

formation; 

allowing the heat to transfer from the one of more heat sources to a selected 
section of the formation such that superimposed neat from the one or more heat sources 
pyrolyzes at least about 20 % by weight of hydrocarbons within the selected section of 
the formation; and 

producing a mixture from the formation. 

/ 

413. The method of claim 412, wherein the one or more heat sources comprise at least 
two heat sources, and wherein superpositi/n of heat from at least the two heat sources 
pyrolyzes at least some hydrocarbons w^hin the selected section of the formation. 

414. The method of claim 412, whejfein controlling formation conditions comprises 
maintaining a temperature within the /elected section within a pyrolysis temperature 
range. 



415. The method of claim 412, wherein the one or more heat sources comprise 
electrical heaters. 



416. The method of claim 412, wherein the one or more heat sources comprise surface 
burners. 



417. The method of claim 4 12, wherein the one or more heat sources comprise 
flameless distributed combustors. 



333 Conlev. Rose & Tavon. P.C. 



418. The method of claim 412, wherein the one or more heat sources comprise natural 
distributed combustors. 

/ 

419. The method of claim 412, further comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature/ or the temperature is controlled as 
a function of pressure. 

420. The method of claim 412, further compris/ng controlling the heat such that an 
average heating rate of the selected section is les/ than about 1 °C per day during 
pyrolysis. 

42 1 . The method of claim 412, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (V) of thje hydrocarbon containing formation from the 
one or more heat sources, wherein the formation has an average heat capacity (C v ), and 
wherein the heating pyrolyzes at least sqfme hydrocarbons within the selected volume of 
the formation; and 

wherein heating energy/day provided to the volume is equal to or less than Pwr 9 
wherein Pwr is calculated by the equation: 
Pwr = h*V*C v *p B 

wherein Pwr is the heating Energy /day, h is an average heating rate of the 
formation, p B is formation bulk density, and wherein the heating rate is less than about 10 
°C/day. 

/ 

422. The method of claim 41^, wherein allowing the heat to transfer comprises 
transferring heat substantially py conduction. 

423. The method of claim A 12, wherein providing heat from the one or more heat 
sources comprises heating the selected formation such that a thermal conductivity of at 
least a portion of the selected section is greater than about 0.5 W/(m °C). 
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424. The method of claim 412, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 



425. The method of claim 412, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. / 



426. The method of claim 412, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein about O.j/% by weight to about 15 % by weight 
of the non-condensable hydrocarbons are olefins 



427. The method of claim 412, wherein thercroduced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from abo^t 0.001 to about 0.15. 



428. The method of claim 412, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than abodt 1 % bv weight, when calculated on an atomic 

/ 

basis, of the condensable hvdrocarbons/is nitroeen. 



429. The method of claim 412, wherein the produced mixture comprises condensable 
hvdrocarbons, and wherein less than/about 1 % bv weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 



430. The method of claim 4 12. /wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 



43 1 . The method of claim 4/12, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about /5 % by weight to about 30 % by weight of the condensable 
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hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 



432. The method of claim 412, wherein the produced ^mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % bv/weieht of the condensable 
hydrocarbons are aromatic compounds. 



433. The method of claim 412, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % bj^weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 



434. The method of claim 412, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 



435. The method of claim 412, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % bjweight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 



436. The method of claim 412, wherein the produced mixture comprises a non- 
condensable component, wherein the^non-condensable component comprises hydrogen, 
wherein the hydrogen is greater thai about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. 



437. The method of claim 412', wherein the produced mixture comprises ammonia, and 
wherein greater than about O.Os/% by weight of the produced mixture is ammonia. 

438. The method of claim 4 f 12 ; wherein the produced mixture comprises ammonia, and 
wherein the ammonia is used to produce fertilizer. 
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439. The method of claim 412, further comprising controlling a pressure within at least 
a majority of the selected section of the formation, wherein the controlled pressure is at 
least about 2.0 bar absolute. 



440. The method of claim 412, further comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons and Hz, wherein a partial pressure of H? 
within the mixture is greater than about 0.5 bar. j 

441. The method of claim 412, wherein the partial pressure of H2 is measured when the 
mixture is at a production well. 



442. The method of claim 412, further comprising altering a pressure within the 
formation to inhibit production of hydrocarl/ons from the formation having carbon 
numbers greater than about 25. 



443. The method of claim 412, wherein controlling formation conditions comprises 
recirculating a portion of hydrogen frorrythe mixture into the formation. 

/ 

444. The method of claim 412, further comprising: 



1 



providing hydrogen (H2) to the heated section to hydrogenate hydrocarbons 
within the section; and 

heating a portion of the sectibn with heat from hydrogenation. 



445. The method of claim 412, wherein the produced mixture comprises hydrogen and 
condensable hydrocarbons, the method further comprising hydrogenating a portion of the 
produced condensable hydrocarbons with at least a portion of the produced hydrogen. 



446. The method of claim 41/2, wherein allowing the heat to transfer comprises 
increasing a permeability of a piajority of the selected section to greater than about 100 
millidarcy. 
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447. The method of claim 412, wherein allowing the heat to transfer comprises 

substantially uniformly increasing a permeability of a majority of the selected section. 

/ 

448. The method of claim 412, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by the Fischer 
Assay. / 

449. The method of claim 412, wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for each production well. / 

450. The method of claim 412, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in #unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern/ 

45 1 . The method of claim 412, further comprising providing heat from three or more 
heat sources to at least a portion oythe formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to/form a repetitive pattern of units. 

452. A method of treating a' hydrocarbon containing formation in situ, comprising: 
providing heat from one or more heat sources to at least a portion of the 

formation; / 

allowing the heat to transfer from the one or more heat sources to a selected 
section of the formation such that superimposed heat from the one or more heat sources 
pyrolyzes at least about £0 % of hydrocarbons within the selected section of the 
formation; and / 

producing a m/xture from the formation, wherein the mixture comprises a 
condensable component having an API gravity of at least about 25°. 
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453. The method of claim 452, wherein the one or more heat sources comprise at least 
two heat sources, and wherein superposition of heat from at least the two heat sources 
pyrolyzes at least some hydrocarbons within the selected section of the formation. 

454. The method of claim 452, wherein controlling formation conditions comprises 
maintaining a temperature within the selected section/within a pyrolysis temperature 
range. / 

455. The method of claim 452, wherein the one or more heat sources comprise 
electrical heaters. / 

456. The method of claim 452, whereinyfhe one or more heat sources comprise surface 
burners. / 

457. The method of claim 452, wherein the one or more heat sources comprise 
flameless distributed combustors. / 

458. The method of claim 452( wherein the one or more heat sources comprise natural 
distributed combustors. / 

459. The method of claim/452, further comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. / 

460. The method oyclaim 452, further comprising controlling the heat such that an 
average heating rate of the selected section is less than about 1 °C per day during 
pyrolysis. / 

461 . t The method of claim 452, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 
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heating a selected volume (V) of the hydrocarbon containing formation from the 
one or more heat sources, wherein the formation has an average heat capacity (C v ), and 
wherein the heating pyrolyzes at least some hydrocarbons within the selected volume of 
the formation; and / 

wherein heating energy/day provided to the volj/me is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: / 

Pwr = h*V*C v *p B / 

wherein Pwr is the heating energy/day, h id an average heating rate of the 
formation, p B is formation bulk density, and wherein the heating rate is less than about 10 
°C/day. / 

462. The method of claim 452, wherein blowing the heat to transfer comprises 
transferring heat substantially by conduction. 

463. The method of claim 452, wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 

464. The method of claim 452, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein abriut 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons ace olefins. 

465. The method of claim 452, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight 
of the non-condensable iiydrocarbons are olefins. 

466. The method ot claim 452, wherein the produced mixture comprises non- 
condensable hvdrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 
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467. The method of claim 452, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitroeen. 

468. The method of claim 452, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygenY 

469. The method of claim 452, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 f/o by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 

470. The method of claim 452, wherem the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 

471 . The method of claim 452( wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 

472. The method of claim 452, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises/multi-ring aromatics with more than two rings. 

473. The method of /claim 452, wherein the produced mixture comprises condensable 
hydrocarbons, and wnerein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 
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474. The method of claim 452, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. r 

475. The method of claim 452, wherein the produced mixture comprises a non- 
condensable component, wherein the non-conaensable component comprises hydrogen, 
wherein the hydrogen is greater than about \6 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. / 

476. The method of claim 452, wherein the produced mixture comprises ammonia, and 
wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

477. The method of claim 452, wherein the produced mixture comprises ammonia, and 
wherein the ammonia is used to produce fertilizer. 

478. The method of claim 452, further comprising controlling a pressure within at least 
a majority of the selected section of the formation, wherein the controlled pressure is at 
least about 2.0 bar absolute. / 

479. The method of clainy 452, further comprising controlling formation conditions to 
produce a mixture of condepsable hydrocarbons and H2, wherein a partial pressure of H2 
within the mixture is greater than about 0.5 bar. 

480. The method of claim 452, wherein the partial pressure of H 2 is measured when the 
mixture is at a production well. 

48 1 . The method of claim 452, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 
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482. The method of claim 452, wherein controlling formation conditions comprises 
recirculating a portion of hydrogen from the mixture into the formation. 

i 

483. The method of claim 452, further comprising: 

providing hydrogen (H2) to the heated section to hydrogenate hydrocarbons 
within the section; and / 

heating a portion of the section with hesit from hydrogenation. 

484. The method of claim 452, wherein the produced mixture comprises hydrogen and 
condensable hydrocarbons, the method further comprising hydrogenating a portion of the 
produced condensable hydrocarbons wij?n at least a portion of the produced hydrogen. 

485. The method of claim 452, wherein allowing the heat to transfer comprises 
increasing a permeability of a majo/ity of the selected section to greater than about 100 
millidarcy. / 

486. The method of claim 452, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 

487. The method of claim/452, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by the Fischer 
Assav. / 

488. The method of claim 452, wherein producing the mixture comprises producing 
the mixture in a product/on well, and wherein at least about 7 heat sources are disposed in 
the formation for each production well. 

489. The method of claim 452, further comprising providing heat from three or more 
heat sources to at lealt a portion of the formation, wherein three or more of the heat 
sources are located m the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 
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490. The method of claim 452, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein ^plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

491 . A method of treating a layer of a hydrocarbon containing formation in situ, 

comprising: / 

providing heat from one or more heat sources to at least a portion of the layer, 
wherein the one or more heat sources are Positioned proximate an edge of the layer; 

allowing the heat to transfer from/the one or more heat sources to a selected 
section of the layer such that superimposed heat from the one or more heat sources 
pyrolyzes at least some hydrocarbons Avithin the selected section of the formation; and 

producing a mixture from the formation. 

492. The method of claim 49 1 ,Avherein the one or more heat sources are laterally 
spaced from a center of the lave/ 

493. The method of claim 491, wherein the one or more heat sources are positioned in 
a staggered line. / 

494. The method of claim 491 , wherein the one or more heat sources positioned 
proximate the edge of the layer can increase an amount of hydrocarbons produced per 
unit of energy input to tne one or more heat sources. 

495. The method oyr claim 491, wherein the one or more heat sources positioned 
proximate the edge of the layer can increase the volume of formation undergoing 
pyrolysis per unit ox energy input to the one or more heat sources. 
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496. The method of claim 491, wherein the one or more heat sources comprise 
electrical heaters. 

i 

497. The method of claim 491 , wherein the one or more heat sources comprise surface 
burners. / 

498. The method of claim 491, wherein the on/ or more heat sources comprise 
flameless distributed combustors. / 

499. The method of claim 49 1 , wherein tMe one or more heat sources comprise natural 
distributed combustors. / 

500. The method of claim 491, further comprising controlling a pressure and a 
temperature within at least a majorityyof the selected section of the formation, w herein 
the pressure is controlled as a functipn of temperature, or the temperature is controlled as 
a function of pressure. / 

501 . The method of claim 49/, further comprising controlling the heat such that an 
average heating rate of the selected section is less than about 1 .0 0 C per day during 
pyrolysis. / 

502. The method of claim 491 , wherein providing heat from the one or more heat 
sources to at least the portion of the layer comprises: 

heating a selectee! volume (V) of the hydrocarbon containing formation from the 
one or more heat sources, wherein the formation has an average heat capacity (C v ), and 
wherein the heating pyrolyzes at least some hydrocarbons within the selected volume of 
the formation; and / 

wherein heat/ng energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 

Pwr = h*VrC v *p B 
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wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, ps is formation bulk density, and wherein the heating rate is less than about 10 
°C/dav. 



503. The method of claim 491 5 wherein providing heat from the one or more heat 
sources comprises heating the selected section/such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 

504. The method of claim 491, wheremthe produced mixture comprises condensable 
hydrocarbons having an API gravity ofrat least about 25°. 

505. The method of claim 491, wtterein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0/1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 

506. The method of claim 49 y, wherein the produced mixture comprises non- 
condensable hydrocarbons, and/wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 

507. The method of claim 491, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 

508. The method of claim 491, wherein the produced mixture comprises condensable 
hydrocarbons, and where/n less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 

509. The method of claim 491, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 
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510. The method of claim 491, wherein the produced mixture comprises condensable 

* 

hvdrocarbons. wherein about 5 % by weight to about 30 % bv vveisht of the condensable 

I 

hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 



511. The method of claim 491, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater thanyabout 20 % by weight of the condensable 
hydrocarbons are aromatic compound; 



512. The method of claim 49 1 , wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less thip about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 



513. 



The method of claim 491, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein les? than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes.j 



514. The method of claim/491 , wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 



515. The method of claim 491 , wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is /greater than about 10 % by volume of the non-condensable 
component, and wherei^ the hydrogen is less than about 80 % by volume of the non- 
condensable componei 



516. The method of /claim 491, wherein the produced mixture comprises ammonia, and 
wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 



347 



Conlev, Rose & Tavon. P C. 



5 1 7. The method of claim 491 , wherein the produced mixture comprises ammonia, and 
wherein the ammonia is used to produce fertilizer. 



518. The method of claim 491, further comprising/controlling a pressure within at least 
a majority of the selected section of the formation, ^herein the controlled pressure is at 
least about 2.0 bar absolute. 



519. The method of claim 49 1 , further comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons and Fb, wherein a partial pressure of H2 
within the mixture is greater than about 0.5 Bar. 

520. The method of claim 519, whereii/ the partial pressure of H2 is measured when the 
mixture is at a production well. 

521. The method of claim 491 , further comprising altering a pressure within the 
formation to inhibit production of hy/lrocarbons from the formation having carbon 
numbers greater than about 25. 



522. The method of claim 491, /further comprising controlling formation conditions, 
wherein controlling formation conditions comprises recirculating aportion of hydrogen 
from the mixture into the formation. 



523. The method of claim 491, further comprising: 
providing hydrogen (/H2) to the heated section to hydrogenate hydrocarbons 

within the section; and 

heating a portion oiJthe section with heat from hydrogenation. 

524. The method of cla^m 491 , wherein the produced mixture comprises hydrogen and 
condensable hydrocarbons, the method further comprising hydrogenating a portion of the 
produced condensable hydrocarbons with at least a portion of the produced hydrogen. 



348 



Conlev, Rose & Tavon. P.C. 



525. The method of claim 491 , wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 100 
millidarcy. / 

526. The method of claim 491 , wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 

527. The method of claim 491 , further (Comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by the Fischer 
Assay. / 

528. The method of claim 491, wherein producing the mixture comprises producing 
the mixture in a production well, am wherein at least about 7 heat sources are disposed in 
the formation for each production well. 

529. The method of claim 491/ further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

530. The method of clairry491, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

531. A method of treating a hydrocarbon containing formation in situ, comprising: 
providing heat iom one or more heat sources to at least a portion of the 

formation; / 

, allowing the heat to transfer from the one or more heat sources to a selected 
section of the formation; and 
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controlling a pressure and a temperature within at least a majority of the selected 
section of the formation, wherein the pressure is controlled as a function of temperature, 
or the temperature is controlled as a function of pressure /and 

producing a mixture from the formation. / 

532. The method of claim 53 1 , wherein the one or/more heat sources comprise at least 
two heat sources, and wherein superposition of hea/from at least the two heat sources 
pyrolyzes at least some hydrocarbons within the selected section of the formation. 

533. The method of claim 53 1. wherein controlling formation conditions comprises 
maintaining a temperature within the selected section within a pyrolysis temperature 
range. / 

534. The method of claim 531 , wherein the one or more heat sources comprise 
electrical heaters. / 

535. The method of claim 53 1 , wherein the one or more heat sources comprise surface 
burners. / 

536. The method of claim 53 V, wherein the one or more heat sources comprise 
flameless distributed combustars. 

537. The method of clainy53 1 , wherein the one or more heat sources comprise natural 
distributed combustors. / 

538. The method of claim 531, further comprising controlling the heat such that an 
average heating rate of pe selected section is less than about 1 P C per day during 
pyrolysis. / 

539. The method of claim 531, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

/ 350 Conley, Rose & Tayon. P.C. 



heating a selected volume (V) of the hydrocarbon containing formation from the 
one or more heat sources, wherein the formation has an average heat capacity (Cv), and 
wherein the heating pyrolyzes at least some hydrocarbons within the selected volume of 
the formation; and 

wherein heating energy/day provided to/he volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 
Pwr = h*V*C v *p B 

wherein Pwr is the heating energy/Jay, h is an average heating rate of the 
formation, p B is formation bulk density, apd wherein the heating rate is less than about 1 0 
°C/day. 

540. The method of claim 53 1 , wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 

541 . The method of claim 53 1 , wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section/ is greater than about 0.5 W/(m °C). 

542. The method of claim 53 1 , wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 



543. The method of claim 53 1 , wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 



544. The method of claim 531, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein about 0.1 % by weight to about 1 5 % by weight 
of the non-condensaple hydrocarbons are olefins. 
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545. The method of claim 53 1 , wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 yto about 0.15. 



546. The method of claim 531. wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 



547. The method of claim 531 , wherein the/produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 r/o by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 



548. The method of claim 53 1 , wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is/sulfur. 



549. The method of claim 53 1 , wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 



containing compounds comprise pheno 



550. The method of claim 531, wher 



s. 



:r;in the produced mixture comprises condensable 



hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 



551. The method of claim 531, whe 



ein the produced mixture comprises condensable 



hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aomatics with more than two rings. 
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552. The method of claim 53 1 , wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 



553. The method of claim 53 1 , wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to ^bout 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 



554. The method of claim 53 1 , wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less tljan about 80 % by volume of the non- 
condensable component. 

555. The method of claim 53 1 , wherein the produced mixture comprises ammonia, and 
wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

556. The method of claim 53 1 , wherein me produced mixture comprises ammonia, and 
wherein the ammonia is used to produce fertilizer. 



557. The method of claim 531, whereii/ the controlled pressure is at least about 2.0 bar 
absolute. 



558. The method of claim 53 1 , further comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons and H2, wherein a partial pressure of H2 
within the mixture is greater than abouu0.5 bar. 



559. The method of claim 531, wheifein the partial pressure of Fb is measured when the 
mixture is at a production well. 
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560. The method of claim 531, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 



numbers greater than about 25. 



/ 



/ 



56 1 . The method of claim 53 1 , wherein controlling formation conditions comprises 
recirculating a portion of hydrogen from the mixtur^ into the formation. 

562. The method of claim 531, further comprising: 
providing hydrogen (H 2 ) to the heated section to hydrogenate hydrocarbons 

within the section; and 

heating a portion of the section with heaft from hydrogenation. 

563. The method of claim 53 1 , wherein the /produced mixture comprises hydrogen and 
condensable hydrocarbons, the method further comprising hydrogenating a portion of the 
produced condensable hydrocarbons with at least a portion of the produced hydrogen. 

564. The method of claim 53 1 ; wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of fhe selected section to greater than about 100 
millidarcy. 

565. The method of claim 53 1 , wherem allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 

566. The method of claim 53 1 , further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by the Fischer 

Assay. 

567. The method of claim 53 1 , wmerein producing the mixture comprises producing 
the mixture in a production well, ana wherein at least about 7 heat sources are disposed in 
the formation for each production well. 
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568. The method of claim 531, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. / 

569. The method of claim 53 1 , further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a lanit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form k repetitive pattern of units. 

570. A method of treating a hydrocarbon containing formation in situ, comprising: 
providing heat from one o/more heat sources to at least a portion of the 

formation; / 

allowing the heat to transfer from the one or more heat sources to a selected 
section of the formation to raiie an average temperature within the selected section to, or 
above, a temperature that win pyrolyze hydrocarbons within the selected section; 

producing a mixturer from the formation; and 

controlling API gravity of the produced mixture to be greater than about 25 
degrees API by controlling average pressure and average temperature in the selected 
section such that the average pressure in the selected section is greater than the pressure 
{p) set forth in the following equation for an assessed average temperature (7) in the 
selected section: / 

/ p = e H-tOOO/T 4- 67] 

where p is measurea in psia and T is measured in 0 Kelvin. 

571. The method of claim 570, wherein the API gravity of the produced mixture is 
controlled to be greater than about 30 degrees API, and wherein the equation is: 

/ „ - „[-3I000/T + 5l] 
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572. The method of claim 570, wherein the API gravity of the produced mixture is 
controlled to be greater than about 35 degrees API, and wherein the equation is: 

„ [-22Q00/T - 38} 

573. The method of claim 570, wherein the one or more heat sources comprise at least 
two heat sources, and wherein superposition ofneat from at least the two heat sources 
pyrolyzes at least some hydrocarbons within/fhe selected section of the formation. 

574. The method of claim 570, wherein/controlling the average temperature comprises 
maintaining a temperature in the selectecysection within a pyrolysis temperature range. 

575. The method of claim 570, wherein the one or more heat sources comprise 
electrical heaters. / 

576. The method of claim 570, wnerein the one or more heat sources comprise surface 
burners. / 

577. The method of claim 570/ wherein the one or more heat sources comprise 
flameless distributed combustors. 

578. The method of claim 5j/0, wherein the one or more heat sources comprise natural 
distributed combustors. / 

579. The method of claim/570, further comprising controlling a temperature within at 
least a majority of the selected section of the formation, wherein the pressure is 
controlled as a function of temperature, or the temperature is controlled as a function of 
pressure. / 

580. The method of claim 570, further comprising controlling the heat such that an 
average heating rate of tfte selected section is less than about 1 °C per day during 
pyrolysis. / 
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581 . The method of claim 570, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (F) of the hydrocarbon containing formation from the 
one or more heat sources, wherein the formation/nas an average heat capacity (C v ). and 
wherein the heating pyrolyzes at least some hydrocarbons within the selected volume of 
the formation; and / 

wherein heating energy/day provides! to the volume is equal to or less than Pwt\ 
wherein Pwr is calculated by the equation/ 

Pwr = h*V*C v *p B I 

wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, p B is formation bulk density, and wherein the heating rate is less than about 10 
°C/day. / 

582. The method of claim 570, ywherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 

583. The method of claim 5j7Q, wherein providing heat from the one or more heat 
sources comprises heating thp selected section such that a thermal conductivity of at least 
a portion of the selected seofion is greater than about 0.5 W/(m °C). 

584. The method of claim 570, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 

585. The method of claim 570, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight 
of the non-condensable hydrocarbons are olefins. 
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586. The method of claim 570, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 /to about 0.15. 

587. The method of claim 570, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 

588. The method of claim 570. wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than abou/ 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 

589. The method of claim 570, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 

590. The method of claim 570, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 

591 . The method of claimp70, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic/compounds. 

592. The method of claim 570, wherein the produced mixture comprises condensable 
hvdrocarbons. and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 
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593. The method of claim 570, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by \yeight of the condensable 
hydrocarbons are asphaltenes. 



594. The method of claim 570, wherein the proauced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight /o about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 



595. The method of claim 570, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about AO % by volume of the non-condensable 
component, and wherein the hydrogen is If ss than about 80 % by volume of the non- 
condensable component. 



596. The method of claim 570, whe/ein the produced mixture comprises ammonia, and 
wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 



597. The method of claim 570, wherein the produced mixture comprises ammonia, and 
wherein the ammonia is used to t/roduce fertilizer. 



598. The method of claim 5^0, further comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons and H2, wherein a partial pressure of H2 
within the mixture is greater/than about 0.5 bar. 



599. The method of claim 570, wherein the partial pressure of H2 is measured when the 
mixture is at a production well. 



600. The method of olaim 570, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 
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601 . The method of claim 570, wherein controlling formation conditions comprises 
recirculating a portion of hydrogen from the mixture into/ the formation. 

602. The method of claim 570, further comprising: / 

providing hydrogen (H2) to the heated sectionAo hydrogenate hydrocarbons 
within the section; and / 

heating a portion of the section with heat from hydrogenation. 

603. The method of claim 570, wherein the produced mixture comprises hydrogen and 
condensable hydrocarbons, the method further comprising hydrogenating a portion of the 
produced condensable hydrocarbons with at least a portion of the produced "hydrogen. 

604. The method of claim 570, wherein aWowing the heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 100 
millidarcy. / 

605. The method of claim 570, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 

606. The method of claim 570, wherein the heat is controlled to yield greater than 
about 60 % by weight of condensable hydrocarbons, as measured by the Fischer Assay. 

607. The method of claim 570, wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for each production well. 

608. The method of claim 5/0, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 
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609. The method of claim 570, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

610. A method of treating a hydrocarboiycontaining formation in situ, comprising: 
providing heat to at least a portioiyof a hydrocarbon containing formation such 

that a temperature (7) in a substantial pair of the heated portion exceeds 270 °C and 
hydrocarbons are pyrolyzed within the heated portion of the formation; 

controlling a pressure (p) within at least a substantial part of the heated portion of 
the formation; / 

U • ^ ff-A/T) + 3-216744} . 

wherein ptar > e f \ 

wherein p is the pressure in oar absolute and T is the temperature in degrees K, 
and A and B are parameters that aye larger than 1 0 and are selected in relation to the 
characteristics and composition of the hydrocarbon containing formation and on the 
required olefin content and carbon number of the pyrolyzed hydrocarbon fluids; and 

producing pyrolyzed hydrocarbon fluids from the heated portion of the formation. 

611. The method of claim/610, wherein A is greater than 14000 and B is greater than 
about 25 and a majority of me produced pyrolyzed hydrocarbon fluids have an average 
carbon number lower thaiy25 and comprise less than about 10 % by weight of olefins. 

612. The method of claim 610, wherein T\s less than about 390 °C, p is greater than 
about 1 .4 bar, A is grea(er than about 44000, and b is greater than about 67, and a 
majority of the produded pyrolyzed hydrocarbon fluids have an average carbon number 
less than 25 and comprise less than 10 % by weight of olefins. 

613. The method of claim 610, wherein T is less than about 390 °C } p is greater than 
about 2 bar, A is less than about 57000, and b is less than about 83, and a majority of the 
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produced pyrolyzed hydrocarbon fluids have an average carbon number lower than about 
21. / 

614. The method of claim 610, further comprising controlling the heat such that an 
average heating rate of the heated portion is less than about 3°C per day during 
pyrolysis. / 

615. The method of claim 610, wheretiwiroviding heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (V) ol the hydrocarbon containing formation from the 
one or more heat sources, wherein ther formation has an average heat capacity (C v ), and 
wherein the heating pyrolyzes at lea/t some hydrocarbons within the selected volume of 
the formation; and / 

wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 

Pwr = H*V*C v *Pb J 

wherein Pwr is the ha/ating energy/day, h is an average heating rate of the 
formation, p B is formation hmlk density, and wherein the heating rate is less than about 10 
°C/day. / 

616. The method of claim 610, wherein heat is transferred substantially by conduction 
from one or more heat sources located in one or more heat sources to the heated portion 
of the formation. / 

617. The method of claim 616, wherein the heat sources comprise heaters in which 
hydrocarbons are either injected into a heaters or released by the hydrocarbon containing 
formation adjacent to a heater by an oxidant injected into the heater in or adjacent to 
which the combustion occurs and wherein at least part of the produced combustion gases 
are vented to Surface via the heater in which the combustion occurs. 
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618. The method of claim 617, wherein heat is transferred substantially by conduction 
from one or more heat sources to the heated portion of the formation such that the 
thermal conductivity of at least part of the heated portion is substantially uniformly 
modified to a value greater than about 0.6 W/m °C and the permeability of said part 
increases substantially uniformly to a value greater than 1 Darcy. 



619. The method of claim 610, further cromprising controlling formation conditions to 
produce a mixture of hydrocarbon fluids and H2, wherein a partial pressure of H2 within 
the mixture flowing through the formation is greater than 0.5 Bar. 



620. The method of claim 619, further comprising, hydrogenating a portion of the 
produced pyrolyzed hydrocarbon fluips with at least a portion of the produced hydrogen 
and heating the fluids with heat from hydrogenation . 



62 1 . The method of claim 6 1 0, wherein the hydrocarbon containing formation is a coal 
seam and at least about 70% of the hydrocarbon content of the coal, when such 
hydrocarbon content is measured/by a Fischer assay, is produced from the heated portion 
of the formation. 



622. The method of claim 610, wherein the substantially gaseous pyrolyzed hydrocarbon 
fluids are produced from a production well, the method further comprising heating a 
wellbore of the production wpll to inhibit condensation of the hydrocarbon fluids within 
the wellbore. 



623. A method of treating a hydrocarbon containing formation in situ, comprising: 

providing heat froirj one or more heat sources to at least a portion of the 
formation; 

allowing the heat tb transfer from the one or more heat sources to a selected 
section of the formation to raise an average temperature within the selected section to, or 
above, a temperature thatlwill pyrolyze hydrocarbons within the selected section; 

producing a mixture from the formation; and 
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controlling a weight percentage of olefins of the produced mixture to be less than 
about 20 % by weight by controlling average pressure and average temperature in the 
selected section such that the average pressure in /the selected section is greater than the 
pressure (p) set forth in the following equation fpv an assessed average temperature (7) in 
the selected section: 

[StOOQ/T r 83] 

where p is measured in psia and T is measured in 0 Kelvin. 

624. The method of claim 623, whereiri the weight percentage of olefins of the 
produced mixture is controlled to be les^fthan about 10 % by weight, and wherein the 
equation is: 

/ [-I6000/T + 28] 

p r e 

625. The method of claim 623, whferein the weight percentage of olefins of the 
produced mixture is controlled to b^ less than about 5 % by weight, and wherein the 
equation is: 

[-12000/T +22] 

p ~ e 

626. The method of claim 622>, wherein the one or more heat sources comprise at least 
two heat sources, and wherein superposition of heat from at least the two heat sources 
pyrolyzes at least some hydrocarbons within the selected section of the formation. 

627. The method of clainy 623, wherein the one or more heat sources comprise 
electrical heaters. 



628. The method of clajfm 623, wherein the one or more heat sources comprise surface 
burners. 



629. The method of claim 623, wherein the one or more heat sources comprise 
flameless distributed ccnnbustors. 
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630. The method of claim 623. wherein the one or more heat sources comprise natural 
distributed combustors. / 

63 1 . The method of claim 623, further comprising controlling a temperature within at 
least a majority of the selected section of the formation, wherein the pressure is 
controlled as a function of temperature, or the temperature is controlled as a function of 
pressure. / 

632. The method of claim 63 1 , wherein controlling an average temperature comprises 
maintaining a temperature within the selected section within a pyrolysis temperature 
range. / 

633. The method of claim 623/ further comprising controlling the heat such that an 
average heating rate of the selected section is less than about 3.0 °C per day during 
pyrolysis. / 

634. The method of claim 623, further comprising controlling the heat such that an 
average heating rate of the selected section is less than about 1 °C per day during 
pyrolysis. / 

635. The method of claim 623, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume {V) of the hydrocarbon containing formation from the 
one or more heat sources, wherein the formation has an average heat capacity (C v ), and 
wherein the heating pArolyzes at least some hydrocarbons within the selected volume of 
the formation; and / 

wherein heading energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 

Pwr = h*VrC v *p B 
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wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, p B is formation bulk density, and ^vherein the heating rate is less than about 10 
°C/dav. 



636. The method of claim 623, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 



637. The method of claim 623, wherein providing heat from the one or more heat 
sources comprises heating the selected formation such that a thermal conductivity of at 
least a portion of the selected section is greater than about 0.5 W/(m °C). 



638. The method of claim 623, /wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 



639. The method of claim 623, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein apout 0. 1 % by weight to about 1 5 % by weight of the 
condensable hydrocarbons are olefins. 



640. The method of claim 623, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight 
of the non-condensable Hydrocarbons are olefins. 



641 . The method onclaim 623, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 



642. The method! of claim 623, wherein the produced mixture comprises condensable 
hydrocarbons, ana wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the cond'ensable hydrocarbons is nitrogen. 
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643. The method of claim 623. wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about V % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 

644. The method of claim 623 f whereiri the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 

645. The method of claim 623, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % hry weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 

646. The method of claim 6i3, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 

647. The method of claim 623, wherein the produced mixture comprises condensable 
hydrocarbons, and where/n less than about 5 % by weight of the condensable 
hydrocarbons comprises/multi-ring aromatics with more than two rings. 

648. The method of/claim 623, wherein the produced mixture comprises condensable 
hydrocarbons, and wnerein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 

649. The methoa of claim 623, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydnocarbons are cycloalkanes. 

650. The metpod of claim 623, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
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wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. / 

65 1 . The method of claim 623, wherein tMe produced mixture comprises ammonia, and 
wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

652. The method of claim 623, where/n the produced mixture comprises ammonia, and 
wherein the ammonia is used to produce fertilizer. 

653. The method of claim 623, furmer comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons and H2, wherein a partial pressure of H2 
within the mixture is greater than aeout 0.5 bar. 

654. The method of claim 623 /wherein the partial pressure of H 2 is measured when the 
mixture is at a production well. / 

655. The method of claim tf23, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about [25. 

656. The method of claim 623, wherein controlling formation conditions comprises 
recirculating a portion of/hydrogen from the mixture into the formation. 

657. The method of alaim 623, further comprising: 

providing hydrpgen (H 2 ) to the heated section to hydrogenate hydrocarbons 
within the section; ana 

heating a portion of the section with heat from hydrogenation. 
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658. The method of claim 623, wherein the produced mixture comprises hydrogen and 
condensable hydrocarbons, the method further /comprising hydrogenating a portion of the 
produced condensable hydrocarbons with at least a portion of the produced hydrogen. 



659. The method of claim 623, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of tljle selected section to greater than about 100 
millidarcy. 
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660. The method of claim 623, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 
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661 . The method of claim 623, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by the Fischer 
Assay. 



662. The method of claim 623. Wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for each production/well. 



663. The method of claim 623/. further comprising providing heat from three or more 
heat sources to at least a portion' of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 
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664. The method of claim 023, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 



665. A method of treating a hydrocarbon containing formation in situ, comprising: 
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providing heat from one or more heat sources to £t least a portion of the 
formation; 

allowing the heat to transfer from the one or iWre heat sources to a selected 
section of the formation to raise an average temperature within the selected section to, or 
above, a temperature that will pyrolyze hydrocarbons within the selected section; 

producing a mixture from the formation; 

controlling hydrocarbons having carbon numbers greater than 25 of the produced 
mixture to be less than about 25 % by weight by (Controlling average pressure and average 
temperature in the selected section such that the average pressure in the selected section 
is greater than the pressure (p) set forth in the fallowing equation for an assessed average 
temperature (7) in the selected section: 

[-li000/T+ 25] 

where p is measured in psia and T is measured in 0 Kelvin. 

666. The method of claim 662, wherein the hydrocarbons having carbon numbers 
greater than 25 of the produced mixture /s controlled to be less than about 20 % by 
weight, and wherein the equation is: 

„[-i600orr±28] 



667. The method of claim 662, wherein the hydrocarbons having carbon numbers 
greater than 25 of the produced mixture is controlled to be less than about 15 % by 
weight, and wherein the equation i^: 

[-I8000/T- 32] 

ip = e l J . 

i 

668. The method of claim 66% wherein the one or more heat sources comprise at least 
two heat sources, and wherein Superposition of heat from at least the two heat sources 
pyrolyzes at least some hydrocarbons within the selected section of the formation. 
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669. The method of claim 662, wherein the one or more heat sources comprise 



electrical heaters. 
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670. The method of claim 662, wherein the one or more heat sources comprise surface 
burners. / 



671 . The method of claim 662, wherein the one or more heat sources comprise 
flameless distributed combustors. / 

672. The method of claim 662, wherein th£ one or more heat sources comprise natural 
distributed combustors. / 

673. The method of claim 662, further comprising controlling a temperature within at 
least a majority of the selected section of |ne formation, wherein the pressure is 
controlled as a function of temperature, or the temperature is controlled as a function of 
pressure. / 

674. The method of claim 673, wherein controlling the temperature comprises 
maintaining a temperature within the selected section within a pyrolysis temperature 
range. / 

675. The method of claim 662. further comprising controlling the heat such that an 
average heating rate of the selected section is less than about 1 °C per day during 
pyrolysis. / 

676. The method of claim 662, wherein providing heat from the one or more heat 
sources to at least the portion oJt formation comprises: 

heating a selected volume (V) of the hydrocarbon containing formation from the 
one or more heat sources, wherein the formation has an average heat capacity (C v ). and 
wherein the heating pyrolyzes at least some hydrocarbons within the selected volume of 
the formation; and / 

wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated py the equation: 




Pwr = h*V*C v *p B 
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wherein Pwr is the heating energy/day Ah is an average heating rate of the 
formation. p B is formation bulk density, and wnerein the heating rate is less than about 10 

°C/day. / 

677. The method of claim 662, wherein/allowing the heat to transfer comprises 
transferring heat substantially by conduction. 

678. The method of claim 662, wherein providing heat from the one or more heat 
sources comprises heating the selectedf section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 

679. The method of claim 662, wierein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 

680. The method of claim 662/ wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of the 
condensable hvdrocarbons are olefins. 

68 1 . The method of claim 662, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons yanges from about 0.001 to about 0.15. 

682. The method of clawn 662, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable/ hydrocarbons is nitrogen. 

683. The method of daim 662, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 
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684. The method of claim 662, wherein the produced mixture comprises condensable 
hvdrocarbons. and wherein less than about 1 % by weieht. when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 

685. The method of claim 662. wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weignt to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 

686. The method of claim 662, whe/ein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 

687. The method of claim 662, ^herein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 

688. The method of claim 662, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes/ 

689. The method of claim 662, wherein the produced mixture comprises condensable 
hydrocarbons, and whereirf about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 

690. The method of craim 662, wherein the produced mixture comprises a non- 
condensable component wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen ifs greater than about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. 
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691 . The method of claim 662. wherein the produced mixture comprises ammonia, and 
wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

692. The method of claim 662, wherein the produced mixture comprises ammonia, and 
wherein the ammonia is used to produce fertilizer. 

693. The method of claim 662, further comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons and H2, wherein a partial pressure of H2 
within the mixture is greater than about 0.5 bar. 

694. The method of claim 662, wherein/the partial pressure of H 2 is measured when the 
mixture is at a production well. / 

695. The method of claim 662, furthefr comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. / 

696. The method of claim 662, rarther comprising: 

providing hydrogen (H?) to the heated section to hydrogenate hydrocarbons 
within the section; and / 

heating a portion of the section with heat from hydrogenation. 

697. The method of claim 6p2, wherein the produced mixture comprises hydrogen and 
condensable hydrocarbons, the method further comprising hydrogenating a portion of the 
produced condensable hydrocarbons with at least a portion of the produced hydrogen. 

698. The method of claim 662, wherein allowing the heat to transfer comprises 
increasing a permeability pf a majority of the selected section to greater than about 100 
millidarcv. / 

W f 
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699. The method of claim 662, wherein allowing /he heat to transfer comprises 
substantially uniformly increasing a permeability off a majority of the selected section. 

700. The method of claim 662. further composing controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by the Fischer 
Assay. / 

701. The method of claim 662. wherein/producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for each production well. / 

702. The method of claim 662, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation In a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

703. The method of claim 662Yfurther comprising providing heat from three or more 
heat sources to at least a portion/of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular/pattern, and wherein a plurality of the units are repeated 
over an area of the formation/to form a repetitive pattern of units. 

704. A method of treating a hydrocarbon containing formation in situ, comprising: 
providing heat frorn one or more heat sources to at least a portion of the 

formation; / 

allowing the heat jo transfer from the one or more heat sources to a selected 
section of the formation tfo raise an average temperature within the selected section to, or 
above, a temperature thai will pyrolyze hydrocarbons within the selected section; 

producing a mixture from the formation; and 

controlling an apmic hydrogen to carbon ratio of the produced mixture to be 
greater than about 1.7 py controlling average pressure and average temperature in the 
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selected section such that the average pressure in the selected section is greater than the 
pressure (p) set forth in the following equation for/an assessed average temperature (T) in 
the selected section: 

p = e N8<XHfT+6IJ 

where p is measured in psia and T is measured/in 0 Kelvin. 

705. The method of claim 704, wherein the atomic hydrogen to carbon ratio of the 
produced mixture is controlled to be greate/ than about 1.8, and wherein the equation is: 

„ 13000/T + 24J 

706. The method of claim 704, whereim the atomic hydrogen to carbon ratio of the 
produced mixture is controlled to be greater than about 1.9, and wherein the equation is: 

_ [-8000/T + 18/ 
P f e • 



I 

, wh^rei 



707. The method of claim 704, wherein the one or more heat sources comprise at least 
two heat sources, and wherein superposition of heat from at least the two heat sources 
pyrolyzes at least some hydrocarbons within the selected section of the formation. 



708. The method of claim 704,pherein the one or more heat sources comprise 
electrical heaters. 



709. The method of claim 70f\, wherein the one or more heat sources comprise surface 
burners. 



710. The method of claim 704, wherein the one or more heat sources comprise 
flameless distributed combustors. 



711. The method of clairp 704, wherein the one or more heat sources comprise natural 
distributed combustors. 
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712. The method of claim 704. further comprising controlling a temperature within at 
least a majority of the selected section of the formation, wherein the pressure is 
controlled as a function of temperature, or the temperature is controlled as a function of 
pressure. / 

713. The method of claim 712, wherein cont/blling the temperature comprises 
maintaining a temperature within the selected/section within a pyrolysis temperature 
ranee. / 



714. The method of claim 704, further comprising controlling the heat such that an 
average heating rate of the selected section is less than about 1 °C per day during 
pyrolysis. / 

715. The method of claim 704, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (F) of the hydrocarbon containing formation from the 
one or more heat sources, whereiry the formation has an average heat capacity (C v ), and 
wherein the heating pyrolyzes at ieast some hydrocarbons within the selected volume of 
the formation; and / 

wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by /he equation: 

Pwr = h*V*C v *p B I 

wherein Pwr is the Heating energy/day, h is an average heating rate of the 
formation, p B is formation bulk density, and wherein the heating rate is less than about 10 
°C/dav. / 

716. The method of claim 704, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 
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717. The method of claim 704. wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater thar/about 0.5 W/(m °C). 

718. The method of claim 704, wherein /he produced mixture comprises condensable 
hvdrocarbons havine an API gravity of at/least about 25°. 

719. The method of claim 704, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 °/l by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins./ 

720. The method of claim 704, whferein the produced mixture comprises non- 
condensable hydrocarbons, and wherein about 0. 1 % by weight to about 1 5 % by weight 
of the non-condensable hydrocarbons are olefins. 

72 1 . The method of claim 704, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 

722. The method of clainy 704, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein/less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable Hydrocarbons is nitrogen. 

723. The method of cLaim 704, wherein the produced mixture comprises condensable 
hydrocarbons, and vvheyein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 

724. The method or claim 704, wherein the produced mixture comprises condensable 
hydrocarbons, and wnerein less than about 1 % bv weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 



Conley. Rose & Tayon. P.C. 



725. The method of claim 704, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to a^out 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. / 

726. The method of claim 704, wherein /he produced mixture comprises condensable 
hydrocarbons, and wherein greater than aoout 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. / 

727. The method of claim 704, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 

728. The method of claim 704, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less tHan about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. / 

729. The method of claim 704, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 

730. The method of claim/704, wherein the produced mixture comprises a non- 
condensable component, wnerein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein tqe hydrogen is less than about 80 % by volume of the non- 
condensable component. 

73 1 . The method of cL 
wherein greater than abo 



tm 704, wherein the produced mixture comprises ammonia, and 
it 0.05 % by weight of the produced mixture is ammonia. 
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732. The method of claim 704, wherein the produced mixture comprises ammonia, and 
wherein the ammonia is used to produce fertilizer. 

733. The method of claim 704, further comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons and H2, wherein a partial pressure of H2 
within the mixture is ereater than about Op bar. 

734. The method of claim 704 ; wherein the partial pressure of H2 is measured when the 
mixture is at a production well. / 

735. The method of claim 704, funher comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. / 

736. The method of claim 704/ wherein controlling formation conditions comprises 
recirculating a portion of hydrogen from the mixture into the formation. 

737. The method of claim 7D4, further comprising: 

providing hydrogen (Kb) to the heated section to hydrogenate hydrocarbons 
within the section; and / 

heating a portion of [he section with heat from hydrogenation. 

738. The method of claim 704, wherein the produced mixture comprises hydrogen and 
condensable hydrocarbons! the method further comprising hydrogenating a portion of the 
produced condensable hydrocarbons with at least a portion of the produced hydrogen. 

739. The method of dim 704, wherein allowing the heat to transfer comprises 
increasing a permeability! of a majority of the selected section to greater than about 100 
millidarcy. / 
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740. The method of claim 704. wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability i)f a majority of the selected section. 

741 . The method of claim 704, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by the Fischer 
Assay. / 

742. The method of claim 704, wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for each production welK 

743. The method of claim 704, further comprising providing heat from three or more 
heat sources to at least a portion omhe formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

744. The method of claim "704, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

745. A method of treating a hydrocarbon containing formation in situ, comprising: 
providing heat from one or more heat sources to at least one portion of the 

formation; / 

allowing the hfeat to transfer from the one or more heat sources to a selected 
section of the formation; 

controlling a/pressure-temperature relationship within at least the selected section 
of the formation by/selected energy input into the one or more heat sources and by 
pressure release from the selected section through wellbores of the one or more heat 
sources; and / 
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producing a mixture from the formations 

746. The method of claim 745. wherein me one or more heat sources comprise at least 
two heat sources, and wherein superposition of heat from at least the two heat sources 
pyrolyzes at least some hydrocarbons wiihin the selected section of the formation. 



747. The method of claim 745. wherein the one or more heat sources comprise at least 
two heat sources. 



748. The method of claim 745 ; \yherein the one or more heat sources comprise surface 
burners. 



749. The method of claim 745, wherein the one or more heat sources comprise 
flameless distributed combustors. 



750. The method of claim ^45. wherein the one or more heat sources comprise natural 
distributed combustors. 



751 . The method of cla/m 745, further comprising controlling the pressure-temperature 
relationship by controlling a rate of removal of fluid from the formation. 

752. The method of dlaim 745, farther comprising controlling the heat such that an 
average heating rate of jthe selected section is less than about 1 °C per day during 
pyrolysis. 



753. The method of claim 745, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume ( V) of the hydrocarbon containing formation from the 
one or more heat soirees, wherein the formation has an average heat capacity (C v ), and 
wherein the heating pyrolyzes at least some hydrocarbons within the selected volume of 
the formation; and 
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wherein heating energy/day provided to the volume is equal to or less than Pwi\ 
wherein Pwr is calculated by the equation: / 
Put = h*V*C v *p B / 

wherein Pwr is the heating energwday, h is an average heating rate of the 
formation. p B is formation bulk density, and wherein the heating rate is less than about 10 
°C/day. / 

754. The method of claim 745, whpein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 

755. The method of claim 745, wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section /s greater than about 0.5 W/(m °C). 

756. The method of claim 745, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 

757. The method of clairn 745. wherein the produced mixture comprises condensable 
hydrocarbons, and whereiry about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 

758. The method of claim 745, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight 
of the non-condensablef hydrocarbons are olefins. 

759. The method of claim 745, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to. about 0.15. 
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760. The method of claim 745, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % k>y weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 

761 . The method of claim 745, whereii/the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons^ is oxygen. 

762. The method of claim 745, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less thaiii about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 

763. The method of claim 745, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5/% by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygon containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 

764. The method of claim 745, wherein the produced mixture comprises condensable 
hydrocarbons, and where/n greater than about 20 % by weight of the condensable 
hydrocarbons are aromajfic compounds. 

765. The method ofjclaim 745, wherein the produced mixture comprises condensable 
hydrocarbons, and wh'erein less than about 5 % bv weight of the condensable 

* * I **** 

hydrocarbons comprises multi-ring aromatics with more than two rings. 

766. The method/of claim 745, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 
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767. The method of claim 745, wherein the p/oduced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hvdrocarbons are cvcloalkanesi 



768. The method of claim 745, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than aoout 10 % by volume of the non-condensable 
component, and wherein the hydrogei/ is less than about 80 % by volume of the non- 
condensable component. 



769. The method of claim 745, wherein the produced 'mixture comprises ammonia, and 
wherein greater than about 0.05 °A by weight of the produced mixture is ammonia. 



770. The method of claim 74d, wherein the produced mixture comprises ammonia, and 
wherein the ammonia is used jo produce fertilizer. 



77 1 . The method of claim 745. further comprising controlling a pressure within at least 
a majority of the selected section of the formation, wherein the controlled pressure is at 
least about 2.0 bar absolu/e. 



772. The method of claim 745, further comprising controlling formation conditions to 
produce a mixture of hydrocarbon fluids and Hj, wherein the partial pressure of H2 within 



the mixture is greater man about 0.5 bar. 



773. The method of claim 745, further comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons and H2, wherein a partial pressure of H2 
within the mixture ik ereater than about 0.5 bar. 



774. The method of claim 745, wherein the partial pressure of H2 is measured when the 
mixture is at a production well. 
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775. The method of claim 745 ; further! comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 



numbers greater than about 25. 



776. The method of claim 745, wherein controlling formation conditions comprises 
recirculating a portion of hydrogeryfrom the mixture into the formation. 

777. The method of claim 745/ further comprising: 
providing hydrogen (H 2 )/to the heated section to hydrogenate hydrocarbons 

within the section; and 

heating a portion of thef section with heat from hydrogenation. 

778. The method of claim/745, wherein the produced mixture comprises hydrogen and 
condensable hydrocarbons, (the method further comprising hydrogenating a portion of the 
produced condensable hydrocarbons with at least a portion of the produced hydrogen. 

779. The method of claim 745, wherein allowing the heat to transfer comprises 
increasing a permeabilil^ of a majority of the selected section to greater than about 100 
millidarcy. 



780. The method of claim 745, wherein allowing the heat to transfer comprises 
substantially uniformfly increasing a permeability of a majority of the selected section. 

78 1 . The method/of claim 745, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by the Fischer 
Assav. 



782. The methbd of claim 745, wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for each production well. 
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783. The method of claim 745. further comprising providing heat from three or more 

/ r 

heat sources to at least a portion of the formation J wherein three or more of the heat 
sources are located in the formation in a uniyof heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 



784. The method of claim 745, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 



785. A method of treating a hydrocarbon containing formation in situ, comprising: 
heating a selected volume (V) of the hydrocarbon containing formation, wherein 
formation has an average heat capacity (C v ), and wherein the heating pyrolyzes at least 
some hvdrocarbons within the selected volume of the formation; and 

wherein heating energy/day provided to the volume is equal to or less than Pwr. 
wherein Pwr is calculated by/the equation: 

Pwr = h*V*C v *p B 

wherein Pwr is the heating energy/day, h is an average heating rate of the formation. 
p B is formation bulk density, and wherein the heating rate is less than about 10 °C/day. 



786. The method of cl^im 785, wherein heating a selected volume comprises heating 
with an electrical heater. 



787. The method of <jlaim 785, wherein heating a selected volume comprises heating 
with a surface burner. 



788. The method off claim 785, wherein heating a selected volume comprises heating 
with a flameless distributed combustor. 
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789. The method of claim 785. wherein heating a selected volume comprises heating 
with a natural distributed combustors. 



790. The method of claim 785, further comprising controlling a pressure and a 
temperature within at least a majority of the selected volume of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. 



791. The method of claim 785, further comprising controlling the heating such that an 
average heating rate of the selected volume i^s less than about 1 °C per day during 
pyrolysis. 



792. The method of claim 785, wherein a value for C v is determined as an average heat 
capacity of two or more samples taken from the hydrocarbon containing formation. 



793. The method of claim 785, wherein heating the selected volume comprises 
transferring heat substantially by conduction. 



794. The method of claim 785. wherein heating the selected volume comprises heating 
the selected section such that a thdrmal conductivity of at least a portion of the selected 
section is greater than about 0.5 W/(m °C). 



795. The method of claim 78p, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 



796. The method of claim 785. wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 
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797. The method of claim 785. wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein abouyO.l % by weight to about 15 % by weight 
of the non-condensable hydrocarbons are olefins. 



798. The method of claim 785, wherein me produced mixture comprises non- 
condensable hydrocarbons, and wherein a polar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 

799. The method of claim 785, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 

800. The method of claim 785, whferein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 

801 . The method of claim 785,/wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less uian about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 



802. The method of claim 786, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5|% by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygem containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 



803. The method of claim [785, wherein the produced mixture comprises condensable 



hydrocarbons, and wherein 



hydrocarbons are aromatic compounds. 



reater than about 20 % by weight of the condensable 
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804. The method of claim 785, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % bv w/ieht of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 

805. The method of claim 785. wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 °/yby weight of the condensable 
hydrocarbons are asphaltenes. / 

806. The method of claim 785, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 

807. The method of claim 785. wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 1 0 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. / 

808. The method of claim 785, wherein the produced mixture comprises ammonia, and 
wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

809. The method of claim 7»5. wherein the produced mixture comprises ammonia, and 
wherein the ammonia is used tp produce fertilizer 

810. The method of claim P85, further comprising controlling a pressure within at least 
a majority of the selected volume of the formation, wherein the controlled pressure is at 
least about 2.0 bar absolute./ 

811. The method of clai 
produce a mixture from th< 
wherein a partial pressure 



785, further comprising controlling formation conditions to 
formation comprising condensable hydrocarbons and fy, 
>fH2 within the mixture is greater than about 0.5 bar. 
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812. The method of claim 785. wherein the partial pressur/of H2 is measured when the 
mixture is at a production well. / 

813. The method of claim 785, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from tne formation having carbon 
numbers greater than about 25. / 

814. The method of claim 785, wherein controlling formation conditions comprises 
recirculating a portion of hydrogen from the mixture into the formation. 

815. The method of claim 785, further comprising: 

providing hydrogen (H2) to the heated volume to hydrogenate hydrocarbons 
within the volume; and / 

heating a portion of the volume with/heat from hydrogenation. 

816. The method of claim 785. wherein the produced mixture comprises hydrogen and 
condensable hydrocarbons, the method Further comprising hydrogenating a portion of the 
produced condensable hydrocarbons with at least a portion of the produced hydrogen. 

817. The method of claim 785, further comprising increasing a permeability of a 
majority of the selected volume to greater than about 100 millidarcy. 

818. The method of claim 785, 
permeability of a majority of the s 

819. The method of claim 785,/further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by the Fischer 
Assay. / 



her comprising substantially uniformly increasing a 
lected volume. 
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820. The method of claim 785. wherein producing the, mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for each production well. / 

/ 

821 . The method of claim 785, further comprising providing heat from three or more 
heat sources to at least a portion of the formation/wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. / 

822. The method of claim 785, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, ^id wherein a plurality of the units are repeated 
over an area of the formation to form aAepetitive pattern of units. 

823. A method of treating a hydrocarbon containing formation in situ, comprising: 
providing heat from one or more heat sources to at least a portion of the 

formation; / 

allowing the heat to transfer from the one or more heat sources to a selected 
section of the formation to raise an average temperature within the selected section to, or 
above, a temperature that will pwolyze hydrocarbons within the selected section; 

controlling heat output from the one or more heat sources such that an average 
heating rate of the selected secmon rises by less than about 3 °C per day when the average 
temperature of the selected section is at, or above, the temperature that will pyrolyze 
hydrocarbons within the selected section; and 

producing a mixture from the formation. 

824. The method of claim 823, controlling heat output comprises: 

raising the average itemperature within the selected section to a first temperature 
that is at or above a minimum pyrolysis temperature of hydrocarbons within the 
formation; / 
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limiting energy input into the one or more heat sources to inhibit increase in 
temperature of the selected section; and j 

increasing energy input into the formation to raise an average temperature of the 
selected section above the first temperature when p^duction of formation fluid declines 
below a desired production rate. 



825. The method of claim 823, controlling heat output comprises: 

raising the average temperature within the selected section to a first temperature 
that is at or above a minimum pyrolysis tempgrature of hydrocarbons within the 
formation: 

limiting energy input into the one oi/more heat sources to inhibit increase in 
temperature of the selected section; and 

increasing energy input into the formation to raise an average temperature of the 
selected section above the first temperapre when quality of formation fluid produced 
from the formation falls below a desired quality. 



826. The method of claim 823, wMerein the one or more heat sources comprise at least 
two heat sources, and wherein superposition of heat from at least the two heat sources 
pyrolyzes at least some hydrocarbons within the selected section. 



827. The method of claim 82]/, wherein the one or more heat sources comprise 
electrical heaters. 



828. The method of claim 8£3, wherein the one or more heat sources comprise surface 
burners. 



829. The method of claimf 823, wherein the one or more heat sources comprise 
flameless distributed combustors. 



830. The method of clai/n 823, wherein the one or more heat sources comprise natural 
distributed combustors. 
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83 1 . The method of claim 823. further comprising controlling a pressure and a 

/ 

temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. 



832. The method of claim 823, wherein the/heat is controlled that an average heating 
rate of the selected section is less than about/l .5 °C per day during pyrolysis. 



833. The method of claim 823, whereiiy the heat is controlled that an average heating 
rate of the selected section is less than about 1 °C per day during pyrolysis. 



834. The method of claim 823, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (If) of the hydrocarbon containing formation from the 
one or more heat sources, wherein Ahe formation has an average heat capacity (C v ), and 
wherein the heating pyrolyzes at past some hydrocarbons within the selected volume of 
the formation; and 

wherein heating energy/day provided to the volume is equal to or less than Pwr. 
wherein Pwr is calculated by tl/e equation: 
Pwr = h*V*C v *p B 

wherein Pwr is the he&ting energy/day, h is an average heating rate of the 
formation. p B is formation bulk density. 



835. The method of claim 823, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 



836. The method of claim 823, wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 
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837. The method of claim 823, wherein the produced mixture comprises condensable 

hydrocarbons having an API gravity of at least about 25°. 

/ < 



838. The method of claim 823, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by w/ight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 



839. The method of claim 823, whereii i/the produced mixture comprises condensable 
hydrocarbons, wherein the condensable Hydrocarbons have an olefin content is less than 
about 2.5 % by weight of the condensable hydrocarbons, and wherein the olefin content 
is greater than about 0.1 % by weight of the condensable hydrocarbons. 

/ 

840. The method of claim 823, wherein the produced mixture comprises non- 
condensable hydrocarbons, wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons is less man about 0.15, and wherein the ratio of ethene to 
ethane is greater than about 0.001/. 



841 . The method of claim 828, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons is less than about 0.10 and wherein the ratio of ethene to 
ethane is greater than about 0/001 . 



842. The method of claim 823, wherein the produced mixture comprises non- 
condensable hydrocarbons/and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons/is less than about 0.05 and wherein the ratio of ethene to 
ethane is greater than about 0.001. 



843. The method of cl 
hydrocarbons, and where 
basis, of the condensable 



im 823, wherein the produced mixture comprises condensable 
in less than about 1 % bv weieht. when calculated on an atomic 

* 

hydrocarbons is nitrogen. 
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844. The method of claim 823, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about L % bv weieht. when calculated on an atomic 



845. The method of claim 823. wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less thansfoout 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 

846. The method of claim 823/ wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5r/o by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 

847. The method of claim 823, wherein the produced mixture comprises condensable 
hydrocarbons, and where/n greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 

848. The method of/claim 823. wherein the produced mixture comprises condensable 
hydrocarbons, and wMerein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 

849. The method of claim 823, wherein the produced mixture comprises condensable 
hydrocarbons, and/ wherein less than about 0.3 % by weight of the condensable 
hydrocarbons areiasphaltenes. 

850. The metHod of claim 823. wherein the produced mixture comprises condensable 
hydrocarbons, fflid wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 

85 1 . The method of claim 823, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen. 



basis, of the condensable hydrocarbons is oxygen. 
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wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less/than about 80 % by volume of the non- 
condensable component. 



852. The method of claim 823, wherein the produced mixture comprises ammonia, and 
wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

853. The method of claim 823, wherein the produced mixture comprises ammonia, and 
wherein the ammonia is used to ppoduce fertilizer. 



854. The method of claim 823, further comprising controlling a pressure within at least 
a majority of the selected se/tion of the formation, wherein the controlled pressure is at 
least about 2.0 bar absolute/ 



855. The method of claim 823, further comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons and H2 S wherein a partial pressure of H2 
within the mixture is greater than about 0.5 bar. 



856. " The method of claim 823, wherein the partial pressure of H2 is measured when the 
mixture is at a production well. 



857. The metho< 
formation to inhibi 



of claim 823, further comprising altering a pressure within the 
: production of hydrocarbons from the formation having carbon 



numbers greater than about 25. 



858. The methjbd of claim 823, wherein controlling formation conditions comprises 
recirculating a portion of hydrogen from the mixture into the formation. 



859. The method of claim 823, further comprising: 
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providing H2 to the heated section to hydrogenate hydrocarbons within the 
section; and 

heating a portion of the section with heat from hydrogenation. 



860. The method of claim 823, wherein the produced mixture comprises hydrogen and 
condensable hydrocarbons, the method furtfier comprising hydrogenating a portion of the 
produced condensable hydrocarbons with/at least a portion of the produced hydrogen. 



861 . The method of claim 823, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 100 
millidarcy. 



862. The method of claim 823, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 



863. The method of claim 82 J, further comprising controlling the heat to yield greater 
than about 60 % by weight of cpndensable hydrocarbons, as measured by the Fischer 
Assay. 



864. The method of claim 823, wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for each production well. 

865. The method of claim 823. further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 



866. The method of clkim 823, further comprising providing heat from three or more 



heat sources to at least a 



portion of the formation, wherein three or more of the heat 



sources are located in th* formation in a unit of heat sources, wherein the unit of heat 



v 
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sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

867. A method of treating a hydrocarbon containing/formation in situ, comprising: 

providing heat from one or more heat sourcesAo at least a portion of the 
formation; to heat a selected section of the formatiop to an average temperature above 
about 270 °C; 

allowing the heat to transfer from the one/>r more heat sources to the selected 
section of the formation; 

controlling the heat from the one or mofe heat sources such that an average 
heating rate of the selected section is less than about 3 °C per day during pyrolysis; and 

producing a mixture from the formation. 



868. The method of claim 867, wherein the one or more heat sources comprise at least 
two heat sources, and wherein superposition of heat from at least the two heat sources 
pyrolyzes at least some hydrocarbons within the selected section of the formation. 



869. The method of claim 867, wl/erein the one or more heat sources comprise 
electrical heaters. 



870. The method of claim 867,tfurther comprising supplying electricity to the electrical 
heaters substantially during non-peak hours. 



871 . The method of claim 8^7, wherein the one or more heat sources comprise surface 
burners. 



872. The method of clainy867, wherein the one or more heat sources comprise 
flameless distributed combustors. 



873. The method of cla/m 867. wherein the one or more heat sources comprise natural 
distributed combustors. 



399 



Conlev. Rose & Tavon. P C. 



1 1 



874. The method of claim 867, further comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. 



875. The method of claim 867, wherein me heat is further controlled such that an 
average heating rate of the selected sectioir is less than about 3 °C/day until production of 
condensable hydrocarbons substantially oeases. 



876. The method of claim 867, whe/ein the heat is further controlled that an average 
heating rate of the selected section is/less than about 1.5 °C per day during pyrolysis. 



877. The method of claim 867, wherein the heat is further controlled such that an 
average heating rate of the selected section is less than about 1 °C per day during 
pyrolysis. 



878. The method of claim 867, wherein providing heat from the one or more heat 
sources to at least the portion/of formation comprises: 

heating a selected vojfume (V) of the hydrocarbon containing formation from the 
one or more heat sources, wiherein the formation has an average heat capacity (C v ), and 
wherein the heating pyroly£es at least some hydrocarbons within the selected volume of 
the formation; and 

wherein heating energy/day provided to the volume is equal to or less than Pwr 
wherein Pwr is calculate^ by the equation: 
Pwr = h*V*C v *u B 

wherein Pwr is me heating energy/day, h is an average heating rate of the 
formation. p B is format/on bulk density. 



879. The method ofl claim 867. wherein allowing the heat to transfer comprises 



transferring heat subs 



antiallv bv conduction. 
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880. The method of claim 867, wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 

881 . The method of claim 867, wherein the produc/d mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 

882. The method of claim 867, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. / 

883. The method of claim 867, whereinyfhe produced mixture comprises non- 
condensable hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight 
of the non-condensable hydrocarbons a/e olefins. 

884. The method of claim 867, wherein the produced mixture comprises non- 
condensable hydrocarbons, whereirya molar ratio of ethene to ethane in the non- 
condensable hydrocarbons is less than about 0.15, and wherein the ratio of ethene to 
ethane is greater than about 0.001/ 

885. The method of claim 86/. wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 

886. The method of claim ©67, wherein the produced mixture comprises condensable 
hvdrocarbons. and wherein lfess than about 1 % bv weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 
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887. The method of claim 867, wherein the produced mixture' comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, whjen calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 



888. The method of claim 867, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 3y % by weight of the condensable 
hydrocarbons comprise oxygen containing compound/, and wherein the oxygen 
containing compounds comprise phenols. 



10 889. The method of claim 867, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 



W hydrocarbons are aromatic compounds. 



890. The method of claim 867, whereinythe produced mixture comprises condensable 
15 hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 



891 . The method of claim 867, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less thar/about 0.3 % by weight of the condensable 
20 hydrocarbons are asphaltenes. 



892. The method of claim 867/ wherein the produced mixture comprises condensable 

/ 

hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are^ycloalkanes. 

893. The method of claim /67. wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is gr/ater than about 10 % by volume of the non-condensable 
component, and wherein t^e hydrogen is less than about 80 % by volume of the non- 
30 condensable component. 
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894. The method of claim 867, wherein the produced mixture comprises ammonia, and 
wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

wherein the ammonia is used to produce fertilizer. 



896. The method of claim 867, further comprising controlling a pressure within at least 
a majority of the selected section of the formatiqn, wherein the controlled pressure is at 
least about 2.0 bar absolute. 



897. The method of claim 867, further comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons and H2, wherein a partial pressure of H 2 
within the mixture is greater than about 0(5 bar. 



898. The method of claim 897, whe/ein the partial pressure of H2 is measured when the 
mixture is at a production well. 



899. The method of claim 867, further comprising altering a pressure within the 
formation to inhibit production of pydrocarbons from the formation having carbon 
numbers greater than about 25. 

900. The method of claim 8671 wherein controlling formation conditions comprises 
recirculating a portion of hydrogen from the mixture into the formation. 



901 . The method of claim 807, further comprising: 

providing hydrogen (H£) to the heated section to hydrogenate hydrocarbons 
within the section; and 

heating a portion of th'e section with heat from hydrogenation. 
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902. The method of claim 867, wherein the produced mixture comprises hydrogen and 
condensable hydrocarbons, the method further comprising hydrogenating a portion of the 
produced condensable hydrocarbons with at least a portioj/of the produced hydrogen. 



903. The method of claim 867, wherein allowing th^heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 100 
millidarcy. 



904. The method of claim 867, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 



905. The method of claim 867, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by the Fischer 
Assay. 



906. The method of claim 867, wherein producing the mixture comprises producing 
the mixture in a production well, ana wherein at least about 7 heat sources are disposed in 



the formation for each production /veil. 



907. The method of claim 86/, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 



908. The method of claim 867, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the /formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

909. A method of treating a hydrocarbon containing formation in situ, comprising: 



404 Conlev. Rose & Tayon. P C. 



providing heat from one or more heat sources to at least a portion of the 
formation; j 

allowing the heat to transfer from the one or m^re heat sources to a selected 
section of the formation; j 
5 producing a mixture from the formation through at least one production well; 

monitoring a temperature at or in the production well; and 

controlling heat input to raise the monito temperature at a rate of less than 
about 3 °C per day. 

/ 
/ 

p 10 910. The method of claim 909, wherein th£ one or more heat sources comprise at least 
two heat sources, and wherein superposition of heat from at least the two heat sources 
pyrolyzes at least some hydrocarbons within the selected section of the formation. 



jf 911. The method of claim 909, wherpin the one or more heat sources comprise 

s 15 electrical heaters. 

fU 912. The method of claim 909 5 wherein the one or more heat sources comprise surface 



E i 
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30 



burners. 



20 913. The method of claim 909./wherein the one or more heat sources comprise 
flameless distributed combustorsj 



914. The method of claim 90$, wherein the one or more heat sources comprise natural 
distributed combustors. 



915. The method of claim 909, further comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a/function of temperature, or the temperature is controlled as 
a function of pressure. 
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916. The method of claim 909, wherein the heat is controlled that an average heating 
rate of the selected section is less than about 1 °C per day during pyrolysis. 



917. The method of claim 909, wherein providing heat from the one or more heat 



5 sources to at least the portion of formation comprises:/ 

heating a selected volume (V) of the hydrocapon containing formation from the 
one or more heat sources, wherein the formation has an average heat capacity (C v ). and 
wherein the heating pyrolyzes at least some hydrocarbons within the selected volume of 
the formation; and 

10 wherein heating energy/day provided to /the volume is equal to or less than Pwr. 

wherein Pwr is calculated by the equation: 
Pwr - h*V*C v *p B 

wherein Pwr is the heating energy/djfy. h is an average heating rate of the 
formation, p B is formation bulk density. 

Q 1 5 

fll 918. The method of claim 909, wherei/i allowing the heat to transfer comprises 

transferring heat substantially by conduction. 



919. The method of claim 909, wherein providing heat from the one or more heat 
20 sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 



920. The method of claim 909, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravijty of at least about 25°. 



921 . The method of claim 909/ wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 



30 922. The method of claim 909, wherein the produced mixture comprises non- 
condensable hydrocarbons, wHerein a molar ratio of ethene to ethane in the non- 



V 
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condensable hydrocarbons is less than about 0.15. and/wherein the ratio of ethene to 
ethane is greater than about 0.001 . 



923. The method of claim 909. wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % bv weieht. when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 



a > 

924. The method of claim 909. wherein tpe produced mixture comprises condensable 
hydrocarbons, and wherein less than about^l % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is/oxygen. 



925. The method of claim 909. wherein the produced mixture comprises condensable 
hvdrocarbons. and wherein less than about 1 % bv weieht. when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 



926. The method of claim 909. therein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 °/rfby weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 

927. The method of claim 909, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 

/ 

928. The method of claiqfi 909. wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weieht of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 

929. The method of clim 909 ; wherein the produced mixture comprises condensable 



hydrocarbons, and where 



hydrocarbons are asphalt ^nes. 



n less than about 0.3 % by weight of the condensable 
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930. The method of claim 909, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to atbout 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. / 

931 . The method of claim 909, wherein the produced mixture comprises a non- 
condensable component, wherein the non-conaensable component comprises hydrogen, 
wherein the hydrogen is greater than about 1/0 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. / 

932. The method of claim 909, whe/ein the produced mixture comprises ammonia, and 
wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

933. The method of claim 909, ywherein the produced mixture comprises ammonia, and 
wherein the ammonia is used to produce fertilizer. 

934. The method of claim 909, further comprising controlling a pressure within at least 
a majority of the selected secjion of the formation, wherein the controlled pressure is at 
least about 2.0 bar absolute. / 

935. The method of claim 909, further comprising controlling formation conditions to 
produce a mixture of conaensable hydrocarbons and H2, wherein a partial pressure of H 2 
within the mixture is greater than about 0.5 bar. 

936. The method of claim 935, wherein the partial pressure of H2 is measured when the 
mixture is at a production well. 

937. The method oflclaim 909, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than/about 25. 
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938. The method of claim 909. wherein controlling, formation conditions comprises 



/ 



recirculating a portion of hydrogen from the mi^ure into the formation. 



939. The method of claim 909, further comprising: 

providing H2 to the heated section/o hydrogenate hydrocarbons within the 
section; and 

heating a portion of the sectionAvith heat from hydrogenation. 



940. The method of claim 909, wherein the produced mixture comprises hydrogen and 
condensable hydrocarbons, the method further comprising hydrogenating a portion of the 
produced condensable hydrocacoons with at least a portion of the produced hydrogen. 



941 . The method of claim/909, wherein allowing the heat to transfer comprises 
increasing a permeability 0/ a majority of the selected section to greater than about 100 
millidarcy. 

942. The method of claim 909, wherein allowing the heat to transfer comprises 
substantially uniformby increasing a permeability of a majority of the selected section. 



943. The method pi claim 909, further comprising controlling the heat to yield greater 
than about 60 % b\/ weight of condensable hydrocarbons, as measured by the Fischer 
Assay. 



944. The method of claim 909, wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for each production well. 



945. The me 
heat sources to 



hod of claim 909, further comprising providing heat from three or more 
at least a portion of the formation, wherein three or more of the heat 
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sources are located in the formation in a unit of heat sources, and wherein the unit of heat 

/ 

sources comprises a triangular pattern. / 

/ 

/ 
/ 

946. The method of claim 909, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form k repetitive pattern of units. 



947. A method of treating a hydrocarbon containing formation in situ, comprising: 

heating a portion of the formation to a temperature sufficient to support oxidation 
of hydrocarbons within the portion, wherein the portion is located substantially adjacent 
to a wellbore; 

flowing an oxidant through a conduit positioned within the wellbore to a heat 
source zone within the portion, wherein the heat source zone supports an oxidation 
reaction between hydrocarbons and the oxidant; 

reacting a portion/of the oxidant with hydrocarbons to generate heat; and 
transferring generated heat substantially by conduction to a pyrolysis zone of the 
formation to pyrolyze at least a portion of the hydrocarbons within the pyrolysis zone. 



948. The method or claim 947, wherein heating the portion of the formation comprises 
raising a temperature of the portion above about 400 °C. 



949. The method/of claim 947, wherein the conduit comprises critical flow orifices, the 
method further comprising flowing the oxidant through the critical flow orifices to the 
heat source zone. 



950. The method of claim 947, further comprising removing reaction products from the 
heat source zone through the wellbore. 
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95 1 . The method of claim 947. further comprising removing excess oxidant from the 
heat source zone to inhibit transport of the oxidant/to the pyrolysis zone. 

952. The method of claim 947. further comprising transporting the oxidant from the 
conduit to the heat source zone substantially bv diffusion. 



953. The method of claim 947, further comprising heating the conduit with reaction 
products being removed through the welloore. 



954. The method of claim 947. wherein the oxidant comprises hydrogen peroxide. 



955. The method of claim 947. Wherein the oxidant comprises air. 



956. The method of claim 947/ wherein the oxidant comprises a fluid substantially free 
of nitrogen. 

957. The method of claim 947, further comprising limiting an amount of oxidant to 
maintain a temperature of the heat source zone less than about 1200 °C. 



958. The method of claifn 947. wherein heating the portion of the formation comprises 
electricallv heatine the formation. 



959. The method of claim 947. wherein heating the portion of the formation comprises 
heating the portion using exhaust gases from a surface burner. 



960. The method of claim 947. wherein heating the portion of the formation comprises 
heating the portion with a flameless distributed combustor. 



961 . The method qf claim 947. further comprising controlling a pressure and a 



temperature within a 



least a majority of the pyrolysis zone, wherein the pressure is 
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controlled as a function of temperature, or the temperature is controlled as a function of 
pressure. 



/ ! 



i 



962. The method of claim 947, further comprising controlling the heat such that an 
average heating rate of the pyrolysis zone is less than about 1 °C per day during pyrolysis. 

963. The method of claim 947, wherein heating the portion comprises heating the 
pyrolysis zone such that a thermal conduc/ivity of at least a portion of the pyrolysis zone 
is greater than about 0.5 W/(m °C). 



964. The method of claim 947, further comprising controlling a pressure within at least 
a majority of the pyrolysis zone of tfye formation, wherein the controlled pressure is at 
least about 2.0 bar absolute. 



965. The method of claim 947,/further comprising: 

providing hydrogen (H2) ^0 the pyrolysis zone to hydrogenate hydrocarbons 
within the pyrolysis zone; and 

heating a portion of the/pyrolysis zone with heat from hydrogenation. 



966. • The method of claim 947, wherein transferring generated heat comprises 
increasing a permeability of a' majority of the pyrolysis zone to greater than about 1 00 
millidarcy. 



967. The method of claim ^47, wherein transferring generated heat comprises 
substantially uniformly increasing a permeability of a majority of the pyrolysis zone. 



968. The method of claim 



947, wherein the heating is controlled to yield greater than 



about 60 % by weight of condensable hydrocarbons, as measured by the Fischer Assay. 



969. The method of claiir 



pressure differentials along 



a heated length of the wellbore. 



947, wherein the wellbore is located along strike to reduce 



1 
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970. The method of claim 947, wherein the wellbore/is located along strike to increase 
uniformity of heating along a heated length of the weFlbire. 



971 . The method of claim 947, wherein the welLoore is located along strike to increase 
control of heating along a heated length of the wellbore. 



972. A method of treating a hydrocarbon containing formation in situ, comprising: 

heating a portion of the formation to a/temperature sufficient to support reaction 

of hydrocarbons within the portion of the formation with an oxidant; 

flowing the oxidant into a conduit, and wherein the conduit is connected such that 

the oxidant can flow from the conduit to tne hydrocarbons; 

allowing the oxidant and the hydi/ocarbons to react to produce heat in a heat 

source zone; 

allowing heat to transfer from ttie heat source zone to a pyrolysis zone in the 
formation to pyrolyze at least a portiqn of the hydrocarbons within the pyrolysis zone: 
and 

removing reaction products such that the reaction products are inhibited from 
flowing from the heat source zoneAo the pyrolysis zone. 



973. The method of claim 972/ wherein heating the portion of the formation comprises 
raising the temperature of the pdrtion above about 400 °C. 



974. The method of claim 972. wherein heating the portion of the formation comprises 
electrically heating the formation. 



975. The method of claim 972, wherein heating the portion of the formation comprises 
heating the portion using exhaust gases from a surface burner. 



V 
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976. The method of claim 972. wherein the conduit comprises critical flow orifices, the 
method further comprising flowing the oxidant througl/the critical flow orifices to the 
heat source zone. 



977. The method of claim 972. wherein the conduit is located within a wellbore. 
wherein removing reaction products comprises removing reaction products from the heat 
source zone through the wellbore. 



978. The method of claim 972. further comprising removing excess oxidant from the 
heat source zone to inhibit transport of the oxidant to the pyrolysis zone. 



979. The method of claim 972, further comprising transporting the oxidant from the 
conduit to the heat source zone substantially by diffusion. 



980. The method of claim 972, wherein the conduit is located within a wellbore. the 
method further comprising heating tha conduit with reaction products being removed 
through the wellbore to raise a temperature of the oxidant passing through the conduit. 



981 . The method of claim 972. wnerein the oxidant comprises hydrogen peroxide. 



982. The method of claim 972, wherein the oxidant comprises air. 



983. The method of claim 972/ wherein the oxidant comprises a fluid substantially free 
of nitrogen. 



984. The method of claim 97f2. further comprising limiting an amount of oxidant to 
maintain a temperature of the neat source zone less than about 1200 °C. 



985. The method of claim S 



maintain a temperature of the 
of oxides of nitrogen. 



72. further comprising limiting an amount of oxidant to 
heat source zone at a temperature that inhibits production 
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986. The method of claim 972. wherein heating a portion of the formation to a 



temperature sufficient to support oxidation o^Tiydrocarbons within the portion further 
comprises heating with a flameless distributed combustor. 



987. The method of claim 972. further comprising controlling a pressure and a 
temperature w r ithin at least a majority of^he pyrolysis zone of the formation, wherein the 
pressure is controlled as a function of te/nperature ? or the temperature is controlled as a 
function of pressure. 



988. The method of claim 972, further comprising controlling the heat such that an 
average heating rate of the pyrolysis zone is less than about 1 °C per day during pyrolysis. 



989. The method of claim 9727 wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 



990. The methog of claim 972, wherein allowing heat to transfer comprises 

heating the pyrolysis zone such that a thermal conductivity of at least a portion of the 
pyrolysis zone is greater than about 0.5 W/(m °C). 



991 . The method of claim 972, further comprising controlling a pressure within at least 
a majority of the pyrolysis Jzone. wherein the controlled pressure is at least about 2.0 bar 
absolute. 



992. The method of claim 972, further comprising: 

providing hydrogen (H2) to the pyrolysis zone to hydrogenate hydrocarbons 
within the pyrolysis zone; and 

heating a portion pf the pyrolysis zone with heat from hydrogenation. 
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993. The method of claim 972. wherein allowing the/heat to transfer comprises 
increasing a permeability of a majority of the pyrolysis zone to greater than about 100 
millidarcy. 



994. The method of claim 972. wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the pyrolysis zone. 

995. The method of claim 972, further composing controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by the Fischer 
Assay. 

996. An in situ method for heating a hydrocarbon containing formation, comprising: 
heating a portion of the formation jo a temperature sufficient to support reaction 

of hydrocarbons within the portion of thepormation with an oxidizing fluid, wherein the 
portion is located substantially adjacent lo an opening in the formation; 

providing the oxidizing fluid to/a heat source zone in the formation; 

allowing the oxidizing gas to react with at least a portion of the hydrocarbons at 
the heat source zone to generate heat in the heat source zone; and 

transferring the generated heat substantially by conduction from the heat source 
zone to a pyrolysis zone in the formation. 



997. The method of claim 996. fiirther comprising transporting the oxidizing fluid 
through the heat source zone by diffusion. 



998. The method of claim 996. further comprising directing at least a portion of the 
oxidizing fluid into the opening tHrough orifices of a conduit disposed in the opening. 

999. The method of claim 99ft further comprising controlling a flow of the oxidizing 
fluid with critical flow orifices qf a conduit disposed in the opening such that a rate of 
oxidation is controlled. 
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1000. The method of claim 996, wherein a conduit/is disposed within the opening, the 



method further comprising removing an oxidation/product from the formation through 
the conduit. 



1001 . The method of claim 996, wherein a conduit is disposed within the opening, the 
method further comprising removing an oxidation product from the formation through 
the conduit and transferring substantial heat pm the oxidation product in the conduit to 
the oxidizing fluid in the conduit. / 



1 002. The method of claim 996, wherein a conduit is disposed within the opening, the 
method further comprising removing aiyoxidation product from the formation through 
the conduit, wherein a flow rate of thei)xidizing fluid in the conduit is approximately • 
equal to a flow rate of the oxidation product in the conduit. 

1003. The method of claim 996, wherein a conduit is disposed within the opening, the 
method further comprising removing an oxidation product from the formation through 
the conduit and controlling a pressure between the oxidizing fluid and the oxidation 
product in the conduit to reduce /contamination of the oxidation product by the oxidizing 
fluid. 

j 

1004. The method of claim 996, wherein a center conduit is disposed within an outer 
conduit, and wherein the out^r conduit is disposed within the opening, the method further 
comprising providing the oxidizing fluid into the opening through the center conduit and 
removing an oxidation prodlct through the outer conduit. 

1 005. The method of claim 996, wherein the heat source zone extends radially from the 
opening a width of less than approximately 0.15 m. 

1 006. The method of claim 996, wherein heating the portion comprises applying 
electrical current to an eljectric heater disposed within the opening. 
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1007. The method of claim 996, wherein the pyroiysis zpne is substantially adjacent to 
the heat source zone. 



1008. The method of claim 996, further comprising controlling a pressure and a 
temperature within at least a majority of the pyroiysis zone of the formation, wherein the 
pressure is controlled as a function of temperature.yor the temperature is controlled as a 
function of pressure. 



1009. The method of claim 996 5 further comprising controlling the heat such that an 
average heating rate of the pyroiysis zone is less than about 1 °C per day during pyroiysis. 



1010. The method of claim 996, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 



1011. The method of claim 996, wherem allowing heat to transfer comprises heating the 
portion such that a thermal conductivity/ of at least a portion of the pyroiysis zone is 
greater than about 0.5 W/(m °C). 



1012. The method of claim 996, funher comprising controlling a pressure within at least 
a majority of the pyroiysis zone, wherein the controlled pressure is at least about 2.0 bar 
absolute. 



1013. The method of claim 996, mirther comprising: 

providing hydrogen (Hi) tq the pyroiysis zone to hydrogenate hydrocarbons 
within the pyroiysis zone; and 

heating a portion of the p>frolysis zone with heat from hydrogenation. 



1014. The method of claim 9961 wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the pyroiysis zone to greater than about 100 
millidarcv. 
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1015. The method of claim 996, wh< 



ein allowing the heat to transfer comprises 



substantially uniformly increasing a permeability of a majority of the pyrolysis zone. 



1016. The method of claim 996, fufaher comprising controlling the heat to yield greater 
than about 60 % by weight of condjbnsable hydrocarbons, as measured by the Fischer 
Assay. 



1017. A method of treating a hydrocarbon containing formation in situ, comprising: 

providing heat from one or more heat sources to at least a portion of the 
formation; 

allowing the heat to transfer from the one pr more heat sources to a selected 
section of the formation; 

producing a mixture from the formation;/and 

maintaining an average temperature within the selected section above a minimum 
pyrolysis temperature and below a vaporization temperature of hydrocarbons having 
carbon numbers greater than 25 to inhibit production of a substantial amount of 
hydrocarbons having carbon numbers greater than 25 in the mixture. 



1018. The method of claim 1017 
least two heat sources, and wherj 
sources pyrolyzes at least somq 
formation. 




rein the one or more heat sources comprise at 
e^osition of heat from at least the two heat 
bons within the selected section of the 



1019. The method of claim 1017, v/herein maintaining the average temperature within 
the selected section comprises maiijtaining the temperature within a pyrolysis 
temperature range. 



1020. The method of claim lOj/7, wherein the one or more heat sources comprise 
electrical heaters. 
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1021. The method of claim 1017, wherein the o le or more heat sources comprise 
surface burners. 



1022. The method of claim 1017, wherein thepne or more heat sources comprise 
flameless distributed combustors. 



1023. The method of claim 1017. wherein t$e one or more heat sources comprise natural 
distributed combustors. 



1024. The method of claim 1017, whereip the minimum pyrolysis temperature is greater 
than about 270 °C. 



1025. The method of claim 1017. wherein the vaporization temperature is less than 
approximately 450 °C at atmospheric pressure. 



1026. The method of claim 1017, further comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a/fuh/tion of temperature, or the temperature is controlled as 
a function of pressure. 



1027. The method of clailm KM 7, further comprising controlling the heat such that an 
average heating rate of the\^el^cted s^ftion is less than about 1 °C per day during 
pyrolysis. 



1 028. The method of claim 1017. wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (F) of the hydrocarbon containing formation from the 
one or more heat sources, wherein the formation has an average heat capacity (C v ). and 
wherein the heating pvrolyzes at least some hydrocarbons within the selected volume of 
the formation; and / 
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wherein heating energy/day provided to the volume is equal to or less than Pwr. 
wherein Pwr is calculated by the equation: 
Pwr = h*V*C v *p B 

wherein Pwr is the heating energy/day, h \skn average heating rate of the 
formation, p B is formation bulk density, and wherein the heating rate is less than about 1 0 
°C/day. 



1029. The method of claim 1017, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 



1030. The method of claim 1017, wherein/providing heat from the one or more heat 
sources comprises heating the selected formation such that a thermal conductivity of at 
least a portion of the selected section is greater than about 0.5 W/(m °C). 



1 03 1 . The method of claim 1017, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity hf at least about 25°. 



1032. The method of claim 101 if wherein the produced mixture comprises condensable 
hydrocarbons, and whereiiVabouuO.l % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 



1 033. The method of claim yOl 7, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight 
of the non-condensableVyd/ocarbonsi are olefins. 



1034. The method of claim 1017, wherein the produced mixture comprises non^ 
condensable hydrocarbons, wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons is less than about 0.15, and wherein the ratio of ethene to 
ethane is greater than ajbout 0.001 . 
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1035. The method of claim 1017. wherein the produced mixture comprises condensable 
hvdrocarbons. and wherein less than about 1 % bv weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitroeen. 



1036. The method of claim 1017. wherein tne produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 /% bv weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 



1037. The method of claim 1017. wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons il sulfur. 



1038. The method of claim 1017. wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by/veight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 



1039. The method of claimy40 1\7 5 wherein the produced mixture comprises condensable 
hydrocarbons, and whereiiVgreaier than about 20 % by weight of the condensable 
hydrocarbons are aromati/ compounds. 



1040. The method of claim 1017, wherein the produced mixture comprises condensable 
hydrocarbons, and whereinjess thmi about 5 % bv weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 



1041. The method of claim 1017. wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are aspha/tenes. 
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1 042. The method of claim 1017, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight/o about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 



1 043. The method of claim 1017, wherein tne produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. 



1044. The method of claim 1017, wherein the produced mixture comprises ammonia, 
and wherein greater than about OCOf % by weight of the produced mixture is ammonia. 



1045. The method of claim A 01^7/ wherein the produced mixture comprises ammonia, 
and wherein the ammonia i^use^ to produfce fertilizer. 

1046. The method of claiip 1/)17, §ifther comprising controlling a pressure within at 
least a majority of the selectethSection of the formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. 



1047. The method of claim 1017, further comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons and H2, wherein a partial pressure of H2 
within the mixture is greater than about 0.5 bar. 



1048. The method/of claim 1047, wherein the partial pressure of H2 is measured when 
the mixture is at a/production well. 



1 049. The method of claim 1017, wherein controlling formation conditions comprises 
recirculating a portion of hydrogen from the mixture into the formation. 



1 050. The method of claim 1017, further comprising: 
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providing hydrogen (H2) to the heated section t</ hydrogenate hydrocarbons 
within the section; and 

heating a portion of the section with heat frorrf hydrogenation. 



1 05 1 . The method of claim 1017. wherein the produced mixture comprises hydrogen 
and condensable hydrocarbons, the method further/ comprising hydrogenating a portion of 
the produced condensable hydrocarbons with at least a portion of the produced hydrogen. 



1052. The method of claim 1017, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the ^elected section to greater than about 100 
millidarcy. 



1053. The method of claim 1 0 1 7, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 



1054. The method of claim 1017, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by the Fischer 
Assay. 




1055. The method of claim 1017, wnerein producing the mixture comprises producing 
the mixture in a production well, and ^herpin at least about 7 heat sources are disposed in 
the formation for each produ 




1056. The method of claim 1017, further comprising providing heat from three or more 
heat sources to at least a portion/of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangula/ pattern. 



1057. The method of claim 1017, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
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sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repe^uve pattern of units. 

Itb8. A method of treating a hydrocarbon containing formation in situ, comgrisiagr 

providing heat from one or more heat sources to at least-a-portion of the 
formation; 

allowing the heat to trangferfrom the one or more heat sources to a selected 
section of the formatioj 

controlling a pressure within the formation to inhibit production of hydrocarbons 
from the formation having carboajiumhers-eFeater-t^^ 



produi 



mixture from the formation. 



0 ^1059. The method of claim 1058, wherein thf/one or more heat sources comprise at 

^ / 

/least two heat sources, and wherein superposition of heat from at least the two heat 

sources pyrolyzes at least some hydrocarbpns within the selected section of the 

formation. 



1060. The method of claim 1058, wherein the one or more heat sources comprise 
electrical heaters. 



1 061 . The method of claim 1 058, ^herein the one or more heat sources comprise 
surface burners. 



1062. The method of claim 105j8, wherein the one or more heat sources comprise 
flameless distributed combustors. 




\ 



1^5. The method of claim 10^T, wherein the one or more heat sources comprise natural 
istributed combustors. 




10647 Ihe method ot cTmnrtt>5^7T5rther comprising controlling atem] 
least a majority o f the se lgcted-seetioirof the formation, wherein the pressure is 



[fiat 
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controlled as a function of temperature, or tl 
pressure. 



as a function of 



1 065 . The method of claim 1 064, wherein conjieffihg the temperature comprises 
maintaining a temperature within the^etected section within a pyrolysis temperature 
range. 



1 066. The method of claim 1 058, further comprising controlling the heat such that an 
averaerheating rate of the selected section is less than about 1 °C per day during 



p 067. The method of claim 1 058, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume W) of the hydrocarbon containing formation from the 
one or more heat sources, wherein the formation has an average heat capacity (C v ), and 
wherein the heating pyrolyzes at least some hydrocarbons within the selected volume of 
the formation; and 

wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated/by the equation: 
Pwr = h*V*C v *pi 

wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, p B is formation bulk density, and wherein the heating rate is less than about 10 
°C/day. 



1068. The method of cl 
transferring heat substa 




058, wherein allowing the heat to transfer comprises 
by conduction. 



1 069. The method of claim il05J5^vhej^pro.^ the one or more heat 

sources cwnpris^eating-the selected formation such that a thermal conductivity of at 
least-^pbrtion of the selected section is greater than about 0.5 W/(m °C). 
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10/U/ The method of claim lQ£f8, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 




1QJT. The method of claim 1(^, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 



& 



V 

1^72. The method of claim 1Q^8, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight 
of the non-condensable hydrocarbons are olefins. 



\op. The method of claim 10/8, wherein the produced mixture comprises non- 
condensable hydrocarbons, wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons is less than about 0.15, and wherein the ratio of ethene to 
ethane is greater than about 0.001 . 



1074. Th e mp^d nf HRuxi^ft5ft~^v1w produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calcul^ed'^rTan'atomic 
basis, of the condensable hydrocarbons is nitrogen. 



1075. The method of claim 1058. wherein the-produced mixture comprises condensable 
hydrocarbons, and wherein less than ab<JuTlf% by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 



1076. Themethod of claim 1058. wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 

>ons is sulfur! — * 





10*7. The method of claim 10J& wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
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hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 

Z. The method of claim 1^8, wherein the produced mixture comprises condensable 
ocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 




The method of claim 1^8. wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 



lj#s0. The method of claim 1^8. wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 




1^51 . The method of claim 1 ^8, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 



T& gg^ Pl io -i Ht f hud ' uf ildi fr r l'Qi yg rwl re r^ ^e mpases-aj ion- 
condensable component, wherein the non-cjaa eteffESgfrre component comprises hydrogen, 
wherein the hydro genig^eStEr "than about 10 % by volume of the non-condensable 
componejiJa*tffIawherein the hydrogen is Jess than about 80 % by volume of the non- 
S^ecomponent. 

and wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 



J* \ 

3/3. The method of claim wherein the produced mixture comprises ammonia, 



lGj?4. The method of claim IC^ S wherein the produced mixture comprises ammonia, 
and wherein the ammonia is used to produce fertilizer. 
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pUl&i^JIhe-meAod-of^laim 1058 5 further comprisjngj^trolling4he-pressure^w^ 
least a majorityo'fthe selected section of the formation, wherein the controlled pressure 
is at least about 2.0 





10 
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10S5T The method Q£.6i^fffTO587Iurther comprising controlling formation conditions to 
produc^rffrxture of condensable hydrocarbons and hb, wherein a partial pressure of H2 
witnintne mixture is greater than about 0.5 bar. 





10J7. The method of claim 10#6, wherein the partial pressure of H2 is measured when 
the mixture is at a production well. 





1 088. The method of claimJI&Srwherem comprises 
recir^atnT|^£y3od^^ 



1089. The method of claim 1058, further comprisii 

providing hydrogen Q^U®*ffiTneated section to hydrogenate hydrocarbons 
within the sections 



ation. 




1^0. The method of claim lw8. wherein the produced mixture comprises hydrogen 
and condensable hydrocarbons, the method further comprising hydrogenating a portion of 
the produced condensable hydrocarbons with at least a portion of the produced hydrogen. 



1 091 . The method of claim 1 058, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected section tojp:eaterlhan about 100 
millidarcy. 



30 



1 092. The method otelatml 058. wherein allowing the heat to transfer comprises 



substantiaUywiiformly increasing a peniieabilityLoflaJKajoFity-ofth'e^elected section. 
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about 60 % by weight of condensable hydrocarbons, as measured by the Fischer 



1094. The method of claim 1 058. wherein producing theAnixture comprises producing 
the mixture in a production well, and wherein at least atyout 7 heat sources are disposed in 
the formation for each production well. 

1095. The method of claim 1058, further comprising providing heat from three or more 
heat sources to at least a portion of the formation/ wherein three or more of the heat 
sources are located in the formation in a unit ofAheat sources, and wherein the unit of heat 
sources comprises a triangular-paftefnT" 



1096. The method of claim 1058, furthepxomprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 



1097. A method of treating a hydrocarbon/containing formation in situ, comprising: 
providing heat from one or more l)eat sources, to at least a portion of the 

formation; 

allowing the heat to transfer frgfat the one or more heat sources to a selected 
section of the formation; and 

producing a mixture from tl^fe formation, wherein the produced mixture comprises 
condensable hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight 

of the condensable hydrocarbons'are olefins. 

/ 

/ ■ 

1098. The method of claim 1 097. wherein the one or more heat sources comprise at 

/ 

least two heat sources, and wherein superposition of heat from at least the two heat 
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sources pyrolyzes at least some hydrocarbons within the selected section of the 
formation. / 



1099. The method of claim 1097, wherein tpe one or more heat sources comprise 
electrical heaters. 



1 100. The method of claim 1097, whereM th^ one or more heat sources comprise 
surface burners. ' 



1101. The method of claim 1097, wherein the one or more heat sources comprise 
flameless distributed combustors. 



1 102. The method of claim 1097, ^wherein the one or more heat sources comprise natural 
distributed combustors. 



1 103. The method of claim 10<f7, further comprising controlling a pressure and a 
temperature within at least a msfioritv of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. 



1 1 04. The method of claim 1097, wherein controlling the temperature comprises 

■ 

maintaining the temperature within the selected section within a pyrolysis temperature 
range. 

1 105. The method of claim 1097, further comprising controlling the heat such that an 
average heating rate of /he selected section is less than about 1 °C per day during 
pyrolysis. 



1 106. The method of claim 1097, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 
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heating a selected volume {V) of the hydrocarbon containing formation from the 
one or more heat sources, wherein the formation has an average heat capacity (C\), and 
wherein the heating pyrolyzes at least some hydrocarbons within the selected volume of 
the formation; and 

wherein heating energy/day provided to/the volume is equal to or less than Pwr. 
wherein Pwr is calculated by the equation: / 
Pwr = h*V*C v *PB I 

wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, p B is formation bulk density, and wherein the heating rate is less than about 10 
°C/day. / 

1 1 07. The method of claim 1 097, wheyein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 

1 1 08. The method of claim 1 097. wperein providing heat from the one or more heat 
sources comprises heating the selected formation such that a thermal conductivity of at 
least a portion of the selected section is greater than about 0.5 W/(m °C). 

1 1 09. The method of claim 1 097. wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 

1110. The method of claim 1097, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 

1111. The method of clairn 1 097, wherein the produced mixture comprises non- 
condensable hydrocarbons Jand wherein about 0.1 % by weight to about 15 % by weight 
of the non-condensable hydrocarbons are olefins. 

1112. The method of claim 1097, wherein the produced mixture comprises non- 
condensable hydrocarbons, wherein a molar ratio of ethene to ethane in the non- 
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condensable hydrocarbons is less than about 0.15, and wherejin the ratio of ethene to 
ethane is greater than about 0.001 . 




1113. The method of claim 1097, wherein the produced /mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weigji/, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 



1114. The method of claim 1097, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % byAveight. when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygem 




1115. The method of claim 1097. wherein th£/produced mixture comprises condensable 

hvdrocarbons. and wherein less than about ]/% by weisht. when calculated on an atomic 

// 

basis, of the condensable hydrocarbons is Sulfur. 



1116. The method of claim 1097, whe/ein the produced mixture comprises condensable 

/ / 

hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen cont/inidg compounds, and wherein the oxygen 



containing compounds comprise ptfenols 



1117. The method of claim 1097, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater /than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 



1118. The method of clainV 1097, wherein the produced mixture comprises condensable 
hvdrocarbons. and wherein/less than about 5 % by weieht of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 



1119. The method of claim/1097, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenls. 
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1 120. The method of claim 1097, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about' 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. / 

5 1 

1121. The method of claim 1097, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensabfle component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less thai/ about 80 % by volume of the non- 

10 condensable component. 



1 122. The method of claim 1097, whereinihe produced mixture comprises ammonia, 
and wherein greater than about 0.05 % b>7weight of the produced mixture is ammonia. 



/ 

W 15 1 123. The method of claim 1097, wherein the produced mixture comprises ammonia, 
f s % and wherein the ammonia is used to /produce fertilizer. 

in? / r f 



1 124. The method of claim 1097, further comprising controlling a pressure within at 
least a majority of the selected Section of the formation, wherein the controlled pressure 

20 is at least about 2.0 bar absolute, j 

i 

I 

1 125. The method of claim 109/7, further comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons and H2, wherein a partial pressure of H 2 
within the mixture is greater than about 0.5 bar. 



1 126. The method of/claim' 1 125, wherein the partial pressure of H2 is measured when 
the mixture is at a production well. 



1 127. The method/of claim 1097, further comprising altering a pressure within the 



30 formation to inhibi 



' production of hydrocarbons from the formation having carbon 



numbers greater than about 25, 
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1 128. The method of claim 1097, wherein controlling formation conditions comprises 
recirculating a portion of hydrogen from the mixture into the formation. 

1 129. The method of claim 1097, further comprising: 

providing hydrogen (H2) to the heated se/tion to hydrogenate hydrocarbons 
within the section; and 

heating a portion of the section with heat from hydrogenation. 



1 130. The method of claim 1097, wherein ihe produced mixture comprises hydrogen 
and condensable hydrocarbons, the method further comprising hydrogenating a portion of 
the produced condensable hydrocarbons with at least a portion of the produced hydrogen. 



1131. The method of claim 1097, wherein allowing the heat to transfer comprises 
increasing a permeability of a majorij^ of the selected section to greater than about 100 
millidarcy. 

1 132. The method of claim 10977 wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 

■ * 

1 1 33. The method of claim 1 097, further comprising controlling the heat to yield greater 
than about 60 % by weight of cpndensable hydrocarbons, as measured by the Fischer 
Assay. 

1 134. The method of claim 11097, wherein producing the mixture comprises producing 
the mixture in a production wbll, and wherein at least about 7 heat sources are disposed in 
the formation for each production well. 



1135. The method of claim 



097, further comprising providing heat from three or more 



heat sources to at least a portion of the formation, wherein three or more of the heat 
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sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. / 



1 136. The method of claim 1097, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat j&urces, wherein the unit of heat 
sources comprises a triangular pattern, and whereicf a plurality of the units are repeated 
over an area of the formation to form a repetitive'pattern of units. 

1 137. A method of treating a hydrocarbon containing formation in situ, comprising: 
heating a section of the formation xd a pyrolysis temperature from at least a first 

heat source, a second heat source and a third heat source, and wherein the first heat 
source, the second heat source and the third heat source are located along a perimeter of 
the section; / 

controlling heat input to the first heat source, the second heat source and the third 
heat source to limit a heating rate of the section to a rate configured to produce a mixture 
from the formation with an olefmycontent of less than about 15% by weight of 
condensable fluids (on a dry bas/s) within the produced mixture; and 

producing the mixture f/om the formation through a production well. 

1138. The method of claim /1 137, wherein superposition of heat form the first heat 
source, second heat source, And third heat source pyrolyzes a portion of the hydrocarbons 
within the formation to flu/ds 

1 139. The method of claim 1 137, wherein the pyrolysis temperature is between about 
270 °C and about 400 °L 

1 140. The method o/ claim 1 137, wherein the first heat source is operated for less than 
about twenty four haurs a day. 

W WW 
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1141. The method of claim 1137. wherein the first heat source comprises an electrical 

/ 

heater. / 

'\ 

1 142. The method of claim 1137. wherein the first heat soyfce comprises a surface 
burner. 



1 143. The method of claim 1137, wherein the first h^t source comprises a flameless 
distributed combustor. 



1 144. The method of claim 1137, wherein the first heat source, second heat source and 
third heat source are positioned substantially at apexes of an equilateral triangle. 



1 145. The method of claim 1137, wherein me production well is located substantially at 
a geometrical center of the first heat source/ second heat source, and third heat source. 



1 146. The method of claim 1137. further comprising a fourth heat source, fifth heat 
source, and sixth heat source located along the perimeter of the section. 



1 147. The method of claim 1 146. Wnerein the heat sources are located substantially at 
apexes of a regular hexagon. 



1 148. The method of claim 114//. wherein the production well is located substantially at 
a center of the hexagon. 



1 149. The method of claim /l 37. further comprising controlling a pressure and a 
temperature within at least amiajority of the section of the formation, wherein the 
pressure is controlled as a fi/nction of temperature, or the temperature is controlled as a 
function of pressure. 
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1 1 50. The method of claim 1 1 37. wherein controlling the temperature,comprises 
maintaining the temperature within the selected section within a pyrolysis temperature 
range. 



1151. The method of claim 1137. further comprising controlling the heat such that an 
average heating rate of the section is less than about 3 °C pe/day during pyrolysis. 
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1 1 52. The method of claim 1137. further comprising controlling the heat such that an 
average heating rate of the section is less than about l/C per day during pyrolysis. 



1153. The method of claim 1137, wherein provid/ng heat from the one or more heat 
sources to at least the portion of formation comnnses: 

heating a selected volume (V) of the hydrocarbon containing formation from the 
one or more heat sources, wherein the formation has an average heat capacity (C v ). and 
wherein the heating pyrolyzes at least somg/hydrocarbons within the selected volume of 
the formation; and 

wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 
Pwr = h*V*C v *p B 

wherein Pwr is the heating enfergy/day. h is an average heating rate of the 
formation, p B is formation bulk den/ity, and wherein the heating rate is less than about 10 
°C/day. 



25 



1 1 54. The method of claim 1 1 3/1, wherein heating the section of the formation 
comprises transferring heat substantially by conduction. 



1 155. The method of claim 1/137. wherein providing heat from the one or more heat 
sources comprises heating the section such that a thermal conductivity of at least a 
portion of the section is greatfer than about 0.5 W/(m °C). 



30 
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1 156. The method of claim 1 137. wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 

1 157. The method of claim 1 137, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about/5 % by weight of the 
condensable hydrocarbons are olefins. / 

1 158. The method of claim 1 137 } wherein the produced mixture comprises non- 
condensable hydrocarbons, wherein a molar ratio oi ethene to ethane in the non- 
condensable hydrocarbons is less than about 0.1 5( and wherein the ratio of ethene to 
ethane is greater than about 0.001 . / 

1 1 59. The method of claim 1137, wherein/the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons/s nitrogen. 

1 160. The method of claim 1 137, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less thafi about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 

1161. The method of claim 1 167. wherein the produced mixture comprises condensable 
hvdrocarbons. and wherein less than about 1 % bv weight, when calculated on an atomic 
basis, of the condensable hvd/ocarbons is sulfur. 

1 1 62. The method of claim 1137. wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise owgen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 
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1 163. The method of claim 1 137, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % bv weiaht of the condensable 
hydrocarbons are aromatic compounds. / 

1 164. The method of claim 1 137, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % bv weieht of the condensable 
hydrocarbons comprises multi-ring aromatics witti more than two rings. 

1 165. The method of claim 1137, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0(3 % by weight of the condensable 
hydrocarbons are asphaltenes. / 

1 166. The method of claim 1137, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 °/6 by weight to about 30 % by weight of the 
condensable hydrocarbons are cycldalkanes. 

1 167. The method of claim 1137, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the Hydrogen is less than about 80 % by volume of the non- 
condensable component. / 

1 168. The method of claim 1 137, wherein the produced mixture comprises ammonia, 
and wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

1 169. The method of claim 1137, wherein the produced mixture comprises ammonia, 
and wherein the ammonia is used to produce fertilizer. 

if claim 1 137, further comprising controlling a pressure within at 
e selected section of the formation, wherein the controlled pressure 
jar absolute. 



1170. The method 
least a majority of tl 
is at least about 2.0 
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1171. The method of claim 1137, further comprising controlling formation conditions to 
produce a mixture of condensable, hydrocarbons and H2, wherein a partial pressure of H2 
within the mixture is greater than about 0.5 bar. / 

1 1 72. The method of claim 1171, wherein the partial/pressure of H2 is measured when 
the mixture is at a production well. / 

1 1 73. The method of claim 1137, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. / 

1 174. The method of claim 1137, where/n controlling formation conditions comprises 
recirculating a portion of hydrogen from the mixture into the formation. 

1 1 75. The method of claim 1 137, further comprising: 

providing hydrogen (H2) to trie heated section to hydrogenate hydrocarbons 
within the section; and / 

heating a portion of the section with heat from hydrogenation. 

1 176. The method of claim 1 W57, wherein the produced mixture comprises hydrogen 
and condensable hydrocarbons, the method further comprising hydrogenating a portion of 
the produced condensable hydrocarbons with at least a portion of the produced hydrogen. 

1 1 77. The method of claim 1137, heating the section comprises increasing a 
permeability of a majority /of the section to greater than about 100 millidarcy. 

1 1 78. The method of claim 1137, wherein heating the section comprises substantially 
uniformly increasing a permeability of a majority of the section. 
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1 1 79. The method of claim 1137. further comprising controlling the heat to yield greater 

than about 60 % by weight of condensable hydrocarbons, as measured by the Fischer 

Assav. / 

I 

1 1 80. The method of claim 1137. wherein producing the iytixture comprises producing 
the mixture in a production well, and wherein at least abo/t 7 heat sources are disposed in 
the formation for each production well. 



1181. The method of claim 1137. further comprising/providing heat from three or more 
heat sources to at least a portion of the formation, wtierein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 



1 1 82. The method of claim 1 137. further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a uni/t of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, ana wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 



1183. *A method of treating a hydrocarbon containing formation in situ, comprising: 

providing heat from one or mgre heat sources to at least a portion of the 
formation: 

allowing the heat to transfer/from the one or more heat sources to a selected 
section of the formation; and 

producing a mixture from /he formation, wherein the produced mixture comprises 
condensable hydrocarbons, and wherein less than about 1 % by weight. w : hen calculated 
on an atomic basis, of the condensable hydrocarbons is nitrogen. 



1 184. The method of claim 1 1/83. wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
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sources pyrolyzes at least some hydrocarbons within the selected section of the 
formation. / 



1 1 85. The method of claim 1 1 83, wherein the one or more peat sources comprise 
electrical heaters. 



1 1 86. The method of claim 1 1 83, wherein the one or npre heat sources comprise 
surface burners. 



1187. The method of claim 1 1 83, wherein the one pr more heat sources comprise 
flameless distributed combustors. 



1188. The method of claim 1183, wherein the pne or more heat sources comprise natural 
distributed combustors. 



1 1 89. The method of claim 1183, further comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function ol/temperature, or the temperature is controlled as 
a function of pressure. 



1 190. The method of claim 1 1 89, w'Herein controlling the temperature comprises 
maintaining the temperature within t)ie selected section within a pyrolysis temperature 
range. 



1191. The method of claim 1 1 83/ further comprising controlling the heat such that an 
average heating rate of the selected section is less than about 1 °C per day during 
pyrolysis. 



1 1 92. The method of claim 1 1 83, wherein providing heat from the one or more heat 
sources to at least the portion pf formation comprises: 
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heating a selected volume (V) of the hydrocarbon containing formation from the 
one or more heat sources, wherein the formation has an average heat capacity (C v ), and 
wherein the heating pyrolyzes at least some hydrocarbons within the selected volume of 
the formation; and / 

wherein heating energy/day provided to tne volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: / 

Pwr = h*V*C v *p B I 

wherein Pwr is the heating energy/day. h is an average heating rate of the 
formation, p B is formation bulk density, ancy wherein the heating rate is less than about 10 
°C/day. / 

1 1 93. The method of claim 1 1 83, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 

1 1 94. The method of claim 1183, wherein providing heat from the one or more heat 
sources comprises heating the selected formation such that a thermal conductivity of at 
least a portion of the selected section is greater than about 0.5 W/(m °C). 

1 195. The method of claim 1 183, wherein the produced mixture comprises condensable 
hvdrocarbons havina an API gravity of at least about 25°. 

1 196. The method of claim 1 1 83, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 1 5 % by weight of the 
condensable hydrocarbons a|re olefins. 

1 197. The method of claim 1 1 83. wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight 
of the non-condensable hvdrocarbons are olefins. 

1 1 98. The method of claim 1183, wherein the produced mixture comprises non- 
condensable hydrocarbons, wherein a molar ratio of ethene to ethane in the non- 
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condensable hydrocarbons is less than about 0.15, and wherein the ratio of ethene to 
ethane is greater than about 0.001. 



1 1 99. The method of claim 1183, wherein tlWproduced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 fo by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 



1 200. The method of claim 1 1 83, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than abgut 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbon^ is sulfur. 



1201 . The method of claim 1 1 83, wherein the produced mixture comprises condensable 
hvdrocarbons. wherein about 5 % by weight to about 30 % bv weUht of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 



1202. The method of claim J 1 83, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 



1 203. The method of claim 1 1 83, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weisht of the condensable 
hydrocarbons comprises /multi-ring aromatics with more than two rings. 



1204. The method of claim 1 1 83, wherein the produced mixture comprises condensable 
hydrocarbons, and whenein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaitenes. 



1205. The method of claim 1 1 83. wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 
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1206. The method of claim 1 1 83, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. 



1207. The method of claim 1 1 83. wherein the produced mixture comprises ammonia, 
and wherein greater than about 0.05 % by weigh/ of the produced mixture is ammonia. 



1208. The method of claim 1 1 83. wherein the produced mixture comprises ammonia, 
and wherein the ammonia is used to produce fertilizer. 



1 209. The method of claim 1183, further comprising controlling a pressure within at 
least a majority of the selected section pf the formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. 



1210. The method of claim 1 183. /further comprising controlling formation conditions to 
produce a mixture of condensableyhydrocarbons and H2. wherein a partial pressure of H2 
within the mixture is greater than about 0.5 bar. 



1211. The method of claim 1211, wherein the partial pressure of H2 is measured when 
the mixture is at a production/well. 



1212. The method of clairn 1183. further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 



1213. The method of claim 1 183. wherein controlling formation conditions comprises 
recirculating a portion of (hydrogen from the mixture into the formation. 



\ 



\ 
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1214. The method of claim 1 183. further comprising; 

providing hydrogen (Fb) to the heated section/to hydrogenate hydrocarbons 
within the section: and 

heating a portion of the section with heat frrim hydrogenation. 



1215. The method of claim 1 183. wherein the produced mixture comprises hydrogen 
and condensable hydrocarbons, the method further comprising hydrogenating a portion of 
the produced condensable hydrocarbons with/at least a portion of the produced hydrogen. 



1216. The method of claim 1183. wherein allowing the heat to transfer comprises 
increasing a permeability of a majority oythe selected section to greater than about 100 
millidarcy. 



1217. The method of claim 1 1 83. wMerein allowing the heat to transfer comprises 
substantially uniformly increasing aypermeability of a majority of the selected section. 



1218. The method of claim 1 1 83/ further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by the Fischer 
Assav. 



1219. The method of claim 1183. wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for each production well. 

1 220. The method of claSm 1183, further comprising providing heat from three or more 
heat sources to at least aroortion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 



1221. The method o 



heat sources to at least a portion of the formation, wherein three or more of the heat 



claim 1 1 83, further comprising providing heat from three or more 
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sources are located in the formation in a unit of heat sources, wherein the unit* of heat 
sources comprises a triangular pattern, and wherein a plurality of the units/are repeated 
over an area of the formation to form a repetitive pattern of units. 



1222. A method of treating a hydrocarbon containing formation in situ, comprising: 

providing heat from one or more heat sources to at least a pprtion of the 
formation; 

allowing the heat to transfer from the one or more heat sources to a selected 
section of the formation; and 

producing a mixture from the formation, wherein the'produced mixture comprises 
condensable hydrocarbons, and wherein less than about 1 % by weight, when calculated 
on an atomic basis, of the condensable hydrocarbons is tfxygen. 



1223. The method of claim 1222. wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition or heat from at least the two heat 
sources pyrolyzes at least some hydrocarbons within the selected section of the 
formation. 



1224. The method of claim 1222. wherein jne one or more heat sources comprise 
electrical heaters. 



1225. The method of claim 1222, whe/ein the one or more heat sources comprise 
surface burners. 



1226. The method of claim 1222. ^'herein the one or more heat sources comprise 
flameless distributed combustors. 



1227. The method of claim 122£. wherein the one or more heat sources comprise natural 
distributed combustors. 
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1228. The method of claim 1222, further comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. 



1229. The method of claim 1228. wherein controlling the temperature comprises 
maintaining the temperature within the selected section witfym a pyrolysis temperature 
range. 



1230. The method of claim 1222, further comprising (controlling the heat such that an 
average heating rate of the selected section is less th^n about 1 °C per day during 
pyrolysis. 

1231. The method of claim 1 222, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (J 7 ) of the/hydrocarbon containing formation from the 
one or more heat sources, wherein the formation has an average heat capacity (C v ). and 
wherein the heating pyrolyzes at least sofne hydrocarbons within the selected volume of 
the formation; and 

wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 
Pwr = h*V*C v *p B 

wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, p B is formation bulk pensity, and wherein the heating rate is less than about 10 
°C/day. 



1232. The method of claim/1222, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 
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1233. The method of claim 1222. wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 



1234. The method of claim 1222. wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25/. 



1235. The method of claim 1222. wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight/o about 15 % by weight of the 
condensable hydrocarbons are olefins. 



1236. The method of claim 1222, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein abcait 0.1 % by weight to about 15 % by weight 
of the non-condensable hydrocarbons are olefins. 



1237. The method of claim 1222, wherein the produced mixture comprises non- 
condensable hydrocarbons, wherein a/molar ratio of ethene to ethane in the non- 
condensable hydrocarbons is less th^in about 0.15, and wherein the ratio of ethene to 
ethane is greater than about 0.001 . 



1238. The method of claim 1222. wherein the produced mixture comprises condensable 
hvdrocarbons. and wherein less/than about 1 % bv weieht. when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 



1239. The method of claim 4222. wherein the produced mixture comprises condensable 
hvdrocarbons. and wherein less than about 1 % bv weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 



1240. The method of claifn 1222, wherein the produced mixture comprises condensable 
hydrocarbons, and whereifr less than about 1 % by weight, when calculated on an atomic 



basis, of the condensable 



ivdrocarbons is sulfur. 
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1241 . The method of claim 1222, wherein the produced mixture comprises condensable 

1 

hydrocarbons, wherein about 5 % .by weight to about 30 % hi 7 weight of the condensable 
hydrocarbons comprise oxygen containing compounds, aiyl wherein the oxygen 
containing compounds comprise phenols. 

\ 

1242. The method of claim 1222, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 %/by weight of the condensable 
hydrocarbons are aromatic compounds. 



1243. The method of claim 1222, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 °/l by weight of the condensable 
hydrocarbons comprises multi-ring aromatic^with more than two rings. 



1244. The method of claim 1222, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 



1245. The method of claim 1222, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 °AJ by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 



1246. The method of claim 1222, wherein the produced mixture comprises a non- 
condensable component, wherein tine non-condensable component comprises hydrogen, 
wherein the hydrogen is greater tnan about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. 



1247. The method of claim 12e2, wherein the produced mixture comprises ammonia, 
and wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 



\ 
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1248. The method of claim 1222, wherein the produced mixture comprises ammonia, 
and wherein the ammonia is used to produce fertilizer. /J 

1249. The method of claim 1222, further comprising controlling4 pressure within at 
least a majority of the selected section of the formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. 



1250. The method of claim 1222, further comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons and H^/ wherein a partial pressure of H2 
within the mixture is greater than about 0.5 bar. 



125 1 . The method of claim 1250, wherein the parpal pressure of H2 is measured when 
the mixture is at a production well. 

1252. The method of claim 1222, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbqns from the formation having carbon 
numbers greater than about 25. 

1253. The method of claim 1222, wherein controlling formation conditions comprises 
recirculating a portion of hydrogen from/the mixture into the formation. 



1254. The method of claim 1222, furper comprising: 
providing hydrogen (H2) to ihp heated section to hydrogenate hydrocarbons 

within the section; and 

heating a portion of the sectifon with heat from hydrogenation. 

1255. The method of claim 1224 wherein the produced mixture comprises hydrogen 
and condensable hydrocarbons, tne method further comprising hydrogenating a portion of 
the produced condensable hydrocarbons with at least a portion of the produced hydrogen. 



\ 
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1256. The method of claim 1222, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 100 
millidarcy. 



1 257. The method of claim 1 222 5 wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 

1258. The method of claim 1222, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons/as measured by the Fischer 
Assay. 



1259. The method of claim 1222, wherein producing the mixture comprises producing 
the mixture in a production well and wherein at le^st about 7 heat sources are disposed in 
the formation for each production well. 

1260. The method of claim 1222, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unitfof heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

1 261 . The method of claim 1222, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in/a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern and wherein a plurality of the units are repeated 
over an area of the formation to formfa repetitive pattern of units. 



1262. A method of treating a hydrocarbon containing formation in situ, comprising: 

providing heat from one orpnore heat sources to at least a portion of the 
formation; 

allowing the heat to transfer from the one or more heat sources to a selected 
section of the formation: and 
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producing a mixture from the formation, wherein the produced mixture comprises 
condensable hydrocarbons, and wherein less than about 1 % by weight, when calculated 

/ 

on an atomic basis, of the condensable hydrocarbons is sulfur. 



1263. The method of claim 1262, wherein the one or more'heat sources comprise at 
least two heat sources, and wherein superposition of heat/from at least the two heat 
sources pyrolyzes at least some hydrocarbons within ihp selected section of the 
formation. 



1264. The method of claim 1262, wherein the or^e or more heat sources comprise 
electrical heaters. 



1265. The method of claim 1262, wherein tl/e one or more heat sources comprise 
surface burners. 



1266. The method of claim 1262, where/n the one or more heat sources comprise 
flameless distributed combustors. 



1267. The method of claim 1262, wherein the one or more heat sources comprise natural 
distributed combustors. 



1268. The method of claim 1262/ further comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a fupction of temperature, or the temperature is controlled as 
a function of pressure. 



1269. The method of claim 1/268, wherein controlling the temperature comprises 
maintaining the temperature yvithin the selected section within a pyrolysis temperature 
range. 
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1270. The method of claim 1 262, further comprising controlling the heat into such that 
an average heating rate of the selected section is less than about 1 °C oer day during 
pyrolysis. / i 



1271 . The method of claim 1262, wherein providing heat frojri the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (V) of the hydrocarbon Containing formation from the 
one or more heat sources, wherein the formation has an/average heat capacity (C v ) 5 and 
wherein the heating pyrolyzes at least some hydrocarbons within the selected volume of 
the formation; and 

wherein heating energy/day provided to tl)£ volume is equal to or leSs than Pwr, 
wherein Pwr is calculated by the equation: 
Pwr = h*V*C v *p B 

wherein Pwr is the heating energy/da^, h is an average heating rate of the 
formation, p B is formation bulk density, ang wherein the heating rate is less than about 10 

°C/day. 



1272. The method of claim 1262. wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 



1273. The method of claim 1262, wherein providing heat from the one or more heat 
sources comprises heating the selected formation such that a thermal conductivity of at 
least a portion of the selected sec/ion is greater than about 0.5 W/(m °C). 



1274. The method of claim 1462, wherein the produced mixture comprises condensable 
hvdrocarbons havins an API efravitv of at least about 25°. 



1275. The method of claim/1262, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of the 
condensable hvdrocarbons are olefins. 
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1276. The method of claim 1262, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight 
of the non-condensable hydrocarbons are olefins. / 

1277. The method of claim 1262, wherein the produced mixture comprises non- 
condensable hydrocarbons, wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons is less than about 0.15, and wherein the ratio of ethene to 
ethane is greater than about 0.00 1 . / 

1278. The method of claim 1262, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about A % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is/nitrogen. 

1279. The method of claim 1262. wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than smout 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 

1280. The method of claim 1262( wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen/containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 

1281. The method of claim 

hvdrocarbons. and wherein £ 
* »■ 

hvdrocarbons are aromatic d 

1282. The method of claim 1262, wherein the produced mixture comprises condensable 
hydrocarbons, , and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 



262, wherein the produced mixture comprises condensable 
•eater than about 20 % by weight of the condensable 
impounds. 
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1283. The method of claim 1262, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 °// by weight of the condensable 
hydrocarbons are asphaltenes. 

1284. The method of claim 1262. wherein me produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 



1285. The method of claim 1262, wherein the produced mixture comprises a non- 
condensable component, wherein theynon-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the hydrqgen is less than about 80 % by volume of the non- 
condensable component. 

1286. The method of claim l£62, wherein the produced mixture comprises ammonia, 
and wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

1287. The method of claim 1262, wherein the produced mixture comprises ammonia, 
and wherein the ammonia? is used to produce fertilizer. 



1288. The method of daim 1262, further comprising controlling a pressure within at 
least a majority of the selected section of the formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. 



1289. The method of claim 1262, further comprising controlling formation conditions to 
produce a mixture on condensable hydrocarbons and H2, wherein a partial pressure of H2 
within the mixture \l greater than about 0.5 bar. 



1290. The method of claim 1289, wherein the partial pressure of H2 is measured when 



the mixture is at a 



iroduction well. 
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1291. The method of claim 1262. further comprisjing altering a pressure within the 
formation to inhibit production of hydrocarbons fjxj>m the formation having carbon 



numbers ereater than about 25, 



1292. The method of claim 1262, wherein controlling formation conditions comprises 
recirculating a portion of hydrogen from the mixture into the formation. 



1293. The method of claim 1262, further comprising: 
providing hydrogen (H2) to th0ieated section to hydrogenate hydrocarbons 

within the section; and 

heating a portion of the sect/on with heat from hydrogenation. 

1294. The method of claim 126E, wherein the produced mixture comprises hydrogen 
and condensable hydrocarbons/the method further comprising hydrogenating a portion of 
the produced condensable hydrocarbons with at least a portion of the produced hydrogen. 

1295. The method of claim 1262, wherein allowing the heat to transfer comprises 
increasing a permeability pf a majority of the selected section to greater than about 100 
millidarcy. 

1296. The method of/claim 1262, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 



1297. The method 
than about 60 % by 
Assav. 



T claim 1262, further comprising controlling the heat to yield greater 
weight of condensable hydrocarbons, as measured by the Fischer 



1298. The method! of claim 1262, wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for each production well. 
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1299. The method of claim 1262, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of h£at sources, and wherein the unit of heat 
sources comprises a triangular pattern. / 

1300. The method of claim 1262, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form & repetitive pattern of units. 

1301. A method of treating a hydrocarbon containing formation in situ, comprising: 
raising a temperature of a first section of the formation with one or more heat 

sources to a first pyrolysis temperature; 

heating the first section to an upper pyrolysis temperature, wherein heat is 
supplied to the first section at afrate configured to inhibit olefin production; 

producing a first mixture from the formation, wherein the first mixture comprises 
condensable hvdrocarbons and PL: 

creating a second mixture from the first mixture, wherein the second mixture 
comprises a higher concentration of H2 than the first mixture; 

raising a temperature of a second section of the formation with one or more heat 
sources to a second pyrolysis temperature; 

providing a portidn of the second mixture to the second section; 

heating the second section to an upper pyrolysis temperature, wherein heat is 
supplied to the second section at a rate configured to inhibit olefin production; and 

producing a thiip mixture from the second section. 

1302. The method oflelaim 1301, wherein creating the second mixture comprises 
removina condensable hvdrocarbons from the first mixture. 
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1303. The method of claim 130L wherein creating the second mixture comprises 
removing water from the first mixture. 

1304. The method of claim 1301, wherein creating the/second mixture comprises 
removing carbon dioxide from the first mixture. / 

1305. The method of claim 1301, wherein the first pyrolysis temperature is greater than 
about 270 °C. / 

1306. The method of claim 1301. wherein the second pyrolysis temperature is greater 
than about 270 °C. / 

1307. The method of claim 1301, wherein the upper pyrolysis temperature is about 500 
°C. / 

1308. The method of claim 1301, wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at least some hydrocarbons within the first or second selected section 
of the formation. / 

1309. The method of claim A 301, wherein the one or more heat sources comprise 
electrical heaters. / 

1310. The method of claim 1301, wherein the one or more heat sources comprise 
surface burners. / 

1311. The method of/claim 1301, wherein the one or more heat sources comprise 
flameless distributed fcombustors. 

1312. The method/of claim 1301, wherein the one or more heat sources comprise natural 
distributed combusjtors. 
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1313. The method of claim 1301, further comprising controllings pressure and a 
temperature within at least a majority of the first section and the'second section of the 
formation, wherein the pressure is controlled as a function of /emperature. or the 
temperature is controlled as a function of pressure. / 

1314. The method of claim 1301, further comprising controlling the heat to the first and 
second sections such that an average heating rate of tha first and second sections is less 
than about 1 °C per day during pyrolysis. / 

1315. The method of claim 1301, wherein heating the first and the second sections 
comprises: / 

heating a selected volume (V) of the hydrocarbon containing formation from the 
one or more heat sources, wherein the formation has an average heat capacity (C v ). and 
wherein the heating pyrolyzes at least some hydrocarbons within the selected volume of 
the formation; and / 

wherein heating energy/day prc/vided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 

Pwr = h*V*C v *p B I 

wherein Pwr is the heating/energy/day, h is an average heating rate of the 
formation, p B is formation bulk d/nsity, and wherein the heating rate is less than about 10 
°C/day. 

1316. The method of claim 
comprises transferring heat s 

1317. The method of claim 1301, wherein heating the first and second sections 
comprises heating the fir^t and second sections such that a thermal conductivity of at least 
a portion of the first and/second sections is greater than about 0.5 W/(m °C). 



'301, wherein heating the first and second sections 
ibstantially by conduction. 
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1318. The method of claim 1301, wherein the first or third mixture comprises 
condensable hydrocarbons having an API gravity of at least about 25°. 

/ 

/ 

1319. The method of claim 1301, wherein the first or third inixture comprises 
condensable hydrocarbons, and wherein about 0.1 % by w/ight to about 15 % by weight 
of the condensable hydrocarbons are olefins. / 

1320. The method of claim 1301, wherein the first or third mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about O.Oyl to about 0.15. 

1321. The method of claim 1301, wherein Xht first or third mixture comprises 
condensable hydrocarbons, and wherein less^than about I % by weight, when calculated 
on an atomic basis, of the condensable hydrocarbons is nitrogen. 

1322. The method of claim 1301, wherein the first or third mixture comprises 
condensable hvdrocarbons, and wherein less than about 1 % bv weig 

on an atomic basis, of the condensat/le hydrocarbons is oxygen. 

1323. The method of claim 130 V, wherein the first or third mixture comprises 
condensable hydrocarbons, and Wherein less than about 1 % by weight, when calculated 
on an atomic basis, of the condensable hydrocarbons is sulfur. 

1 324. The method of claim 1301 , wherein the first or third mixture comprises 
condensable hydrocarbons, therein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons comprise oxygen containing compounds, and wherein the 
oxygen containing compo/inds comprise phenols. 

1325. The method of Jaim 1301, wherein the first or third mixture comprises 
condensable hydrocarbons, and wherein greater than about 20 % by weight of the 
condensable hydrocaipons are aromatic compounds. 
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1326. The method of claim 1301, wherein the first or third mixture comprises 
condensable hydrocarbons, and wherein less than about 5?% by weight of the 
condensable hydrocarbons comprises multi-ring aromawcs with more than two rings. 

1327. The method of claim 1301, wherein the first <6r third mixture comprises 
condensable hydrocarbons, and wherein less than about 0.3 % by weight of the 
condensable hydrocarbons are asphaltenes. / 

1328. The method of claim 1301, wherein the/first or third mixture comprises 
condensable hydrocarbons, and wherein aboiuS % by weight to about 30 % by weight of 
the condensable hydrocarbons are cycloalkanes. 

1 329. The method of claim 1301, wherein the first or third mixture comprises a non- 
condensable component, and wherein me non-condensable component comprises 
hydrogen, and wherein the hydrogen is greater than about 10 % by volume of the non- 
condensable component and whereir/the hydrogen is less than about 80 % by volume of 
the non-condensable component. / 

1330. The method of claim 1301, wherein the first or third mixture comprises ammonia, 
and wherein greater than abouy0.05 % by weight of the produced mixture is ammonia. 

1331. The method of claim 1 30 1 , wherein the first or third mixture comprises ammonia, 
and wherein the ammonia is/used to produce fertilizer. 

1332. The method of claim 1301, further comprising controlling a pressure within at 
least a majority of the first/or second sections of the formation, wherein the controlled 
pressure is at least about 2.0 bar absolute. 
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1333. The method of claim 1301, further comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons and H2, wherein a partial pressure of H2 

* * 

within the mixture is greater than about 0.5 bar. / 

1334. The method of claim 1333, wherein the partial pressure of H2 within a mixture is 
measured when the mixture is at a production well. / 

1335. The method of claim 1301, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons /rom the formation having carbon 
numbers greater than about 25. / 

1336. The method of claim 1301, further comprising: 

providing hydrogen (H2) to the firsyor second section to hydrogenate 
hydrocarbons within the first or second section; and 

heating a portion of the first or second section with heat from hydrogenation. 

1337. The method of claim 1301, further comprising: 

producing hydrogen and condensable hydrocarbons from the formation; and 
hydrogenating a portion of me produced condensable hydrocarbons with at least a 
portion of the produced hydrogen./ 

1338. The method of claim 13 Qfl, further comprising increasing a permeability of a 
majority of the first or second section to greater than about 100 millidarcy. 

1339. The method of claim l£>01, further comprising substantially uniformly increasing 
a permeability of a majority oir the first or second section. 

1 340. The method of claimf 1301, wherein the heating is controlled to yield greater than 
about 60 % by weight of condensable hydrocarbons, as measured by the Fischer Assay. 
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1341. The method of claim 1301. wherein producing the first or third mixture comprises 
producing the first or third mixture in a production well, and wherein at least about 7 heat 
sources are disposed in the formation for each production well. 

/ 

1342. The method of claim 1301, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. / 

1343. The method of claim 1301, furtner comprising providing heat from three or more 
heat sources to at least a portion of the* formation, wherein three or more of the heat 
sources are located in the formation/in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

1344. A method of treating aynydrocarbon containing formation in situ, comprising: 
providing heat from one or more heat sources to at least a portion of the 

formation; / 

allowing the heat ta transfer from the one or more heat sources to a selected 
section of the formation; / 

producing a mixture from the formation; and 

hydrogenating a nortion of the produced mixture with H2 produced from the 
formation. / 

1345. The method of daim 1344, wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at least some hydrocarbons within the selected section of the 
formation. / 

1346. The method of claim 1344. further comprising maintaining a temperature within 
the selected section/within a pyrolysis temperature range. 
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1347. The method of claim 1344, wherein the one or more heat sources comprise 
electrical heaters. ^ 

1 348. The method of claim 1344. wherein the one or more heat sources comprise 
surface burners. / 

1 349. The method of claim 1344, wherein me one or more heat sources comprise 
flameless distributed combustors. / 

1350. The method of claim 1344, wherein the one or more heat sources comprise natural 
distributed combustors. / 

1351. The method of claim 1344,mirther comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. / 

1352. The method of claim/1344, further comprising controlling the heat such that an 
average heating rate of the selected section is less than about 1 °C per day during 
pyrolysis. / 

1353. The method of claim 1344, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (F) of the hydrocarbon containing formation from the 
one or more heat sources, wherein the formation has an average heat capacity (C v ). and 
wherein the heating pvrolyzes at least some hydrocarbons within the selected volume of 
the formation; and / 

wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 

Pxvr - h*VrC v *p B 
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wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation. p B is formation bulk density, and wherein the heating rate is less than about 10 
°C/dav. . / 

1354. The method of claim 1344, wherein allowing me heat to transfer comprises 
transferring heat substantially by conduction. / 

1355. The method of claim 1344, wherein proyiding heat from the one or more heat 
sources comprises heating the selected sectionysuch that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 

1356. The method of claim 1344, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 

1357. The method of claim 1344, wnerein the produced mixture comprises condensable 
hydrocarbons, and wherein about On % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 

1358. The method of claim 1344, wherein the produced mixture comprises non- 
condensable hydrocarbons, ana wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 

1359. The method of claiin 1344, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein/less than about 1 % bv weieht. when calculated on an atomic 
basis, of the condensable Hydrocarbons is nitrogen. 

1360. The method of clpim 1344, wherein the produced mixture comprises condensable 
hydrocarbons, and vvheyein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensahfle hydrocarbons is oxygen. 
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1361. The method of claim 1344. wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight/ when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 



1362. The method of claim 1344. wherein the 



hydrocarbons, wherein about 5 % by weight to abo 
hydrocarbons comprise oxygen containing compo 
containing compounds comprise phenols. 




ed mixture comprises condensable 
30 % by weight of the condensable 
and wherein the oxygen 



1363. The method of claim 1344, wherein t\}k produced mixture comprises condensable 
hydrocarbons, and wherein greater than abo6t 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 



1364. The method of claim 1344, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 



1365. The method of claim 1344', wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less pan about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 



1366. The method of claim A344, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 



1367. The method of claim 1344, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. 



V 
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1368. The method of claim 1344, wherein the produced mixture comprises ammonia, 

ofthfe 



and wherein greater than about 0.05 % by weight 



produced mixture is ammonia. 



1369. The method of claim 1344, wherein the produced mixture comprises ammonia, 
and wherein the ammonia is used to produce fertilizer. 



1370. The method of claim 1344, further corrtprising controlling a pressure within at 
least a majority of the selected section of the /ormation, wherein the controlled pressure 
is at least about 2.0 bar absolute. 



1371. The method of claim 1344, further comprising controlling formation conditions to 
produce the mixture, wherein a partial pressure of H 2 within the mixture is greater than 
about 0.5 bar. 



1372. The method of claim 1344, Avherein the partial pressure of H2 within the mixture 
is measured when the mixture is at a production well. 



1373. The method of claim 13A4, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25f. 



1374. The method of claim [1344, further comprising: 

providing hydrogen (/Fb) to the heated section to hydrogenate hydrocarbons 
within the section; and 

heating a portion oflthe section with heat from hydrogenation. 



1375. The method of claim 1344, wherein allowing the heat to transfer comprises 
increasing a permeability/ of a majority of the selected section to greater than about 100 
millidarcv. 
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1 376. The method of claim 1 344, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 

1 377. The method of claim 1344, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by the Fischer 
Assay. / 

1378. The method of claim 1344. wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for each production well/ 

1379. The method of claim 1344, fiurther comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

1380. The method of claim A 344, further comprising providing heat from three or more 
heat sources to at least a pomion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

1381. A method of treating a hydrocarbon containing formation in situ, comprising: 
heating a first section of the formation; 

producing H2 from the first section of formation; 
heating a second section of the formation; and 

recirculating a/portion of the H2 from the first section into the second section of 
the formation to provide a reducing environment within the second section of the 
formation. 



\ 
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1382. The method of claim 1381, wherein heating the first section or heating the second 
section comprises heating with an electrical heater. 

1383. The method of claim 1381. wherein heating the first section or heating the second 
section comprises heating with a surface burner. 



1384. The method of claim 1381, wherein heating the first section or heating the second 
section comprises heating with a flameless distributed combustor. 



/ 



1385. The method of claim 1381, wherein h/ating the first section or heating the second 
section comprises heating with a natural dis/ributed combustor. 



1386. The method of claim 1381, further comprising controlling a pressure and a 
temperature within at least a majority otfthe first or second section of the formation, 
wherein the pressure is controlled as a/riinction of temperature, or the temperature is 
controlled as a function of pressure. 

1387. The method of claim 1381, farther comprising controlling the heat such that an 
average heating rate of the first or ?econd section is less than about 1 °C per day during 
pyrolysis. 

1388. The method of claim 138/ , wherein heating the first section or heating the second 
section further comprises: 

heating a selected volunAe (V) of the hydrocarbon containing formation from the 
one or more heat sources, wherein the formation has an average heat capacity (C v ), and 
wherein the heating pyrolyze^ at least some hydrocarbons within the selected volume of 
the formation; and 

wherein heating ene/gy/day provided to the volume is equal to or less than Pwr. 
wherein Pwr is calculated py the equation: 
Pwr = h*V*C v *p B 
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wherein Pwr is the heating energy/day. h is an average heating rate of the 

t 

formation, p B is formation bulk density, and wherein the heating rate is less than about 10 

°C/dav. 

5 1389. The method of claim 1381, wherein heating the^first section or heating the second 
section comprises transferring heat substantially by conduction. 

1390. The method of claim 1381, wherein heating the first section or heating the second 
section comprises heating the formation such that a thermal conductivity of at least a 
10 portion of the first or second section is greatej/than about 0.5 W/(m °C). 

O 1391. The method of claim 1381, further/comprising producing a mixture from the 

v-i / 

jj£ second section, wherein the produced mixture comprises condensable hydrocarbons 

having an API gravity of at least about/25 0 . 

r I 

«K 15 / 

III 1392. The method of claim 1381, Rirther comprising producing a mixture from the 

2 second section, wherein the produced mixture comprises condensable hydrocarbons, and 

j* wherein about 0.1 % by weight to about 15 % by weight of the condensable hydrocarbons 

are olefins. / 

n 20 / 

■8 SO / 

L„L / 

r " 1 393. The method of claim r 38 1 , further comprising producing a mixture from the 

second section, wherein the produced mixture comprises non-condensable hydrocarbons, 
and wherein a molar ratio of ethene to ethane in the non-condensable hydrocarbons 
ranges from about 0.001 ta about 0.15. 

25 / 

1394. The method of claim 1381. further comprising producing a mixture from the 
second section, wherein/the produced mixture comprises condensable hydrocarbons, and 
wherein less than abou/ 1 % bv weieht. when calculated on an atomic basis, of the 
condensable hydrocarbons is nitrogen. 

30 / 
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1395. The method of claim 1381. further comprising producing a mixture from the 
second section, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 1 % bv weight, when calculated on an atomic basis, of the 
condensable hydrocarbons is oxygen. / 

1 396. The method of claim 1381, further comprising producing a mixture from the 
second section, wherein the produced mixture/comprises condensable hydrocarbons, and 
wherein less than about 1 % by weight, when calculated on an atomic basis, of the 
condensable hydrocarbons is sulfur. / 

1397. The method of claim 1381, further comprising producing a mixture from the 
second section, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein about 5 % by weight to abou/ 30 % by weight of the condensable hydrocarbons 
comprise oxygen containing compounds, and wherein the oxygen containing compounds 
comprise phenols. / 

1398. The method of claim 138/1, further comprising producing a mixture from the 
second section, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein greater than about 20 % bv weight of the condensable hydrocarbons are aromatic 
compounds. / 

1399. The method of claim/1381, further comprising producing a mixture from the 
second section, wherein the/produced mixture comprises condensable hydrocarbons, and 
wherein less than about 5 % by weight of the condensable hydrocarbons comprises multi- 
ring aromatics with more tpan two rings. 

1400. The method of claim 1381, further comprising producing a mixture from the 
second section, wherein ihe produced mixture comprises condensable hydrocarbons, and 
wherein less than about/0.3 % by weight of the condensable hydrocarbons are 
asphaltenes. / 
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1401. The method of claim 1381, further comprising producing a mixture from the 
second section, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein about 5 % by weight to about 30 % by weight of the condensable hydrocarbons 
are cycloalkanes. /' 

1402. The method of claim 1381, further comprising producing a mixture from the 
second section, wherein the produced mixture c/omprises a non-condensable component, 
wherein the non-condensable component comprises hydrogen, wherein the hydrogen is 
greater than about 10 % by volume of the npn-condensable component, and wherein the 
hydrogen is less than about 80 % by volume of the non-condensable component. 

1403. The method of claim 1381, furaier comprising producing a mixture from the . 
second section, wherein the produced: mixture comprises ammonia, and wherein greater 
than about 0.05 % by weight of theyproduced mixture is ammonia. 

1404. The method of claim 13&1, further comprising producing a mixture from the 
second section, wherein the produced mixture comprises ammonia, and wherein the 
ammonia is used to produce fertilizer. 

1405. The method of claim 1381, further comprising controlling a pressure within at 
least a majority of the firsyor second section of the formation, wherein the controlled 
pressure is at least about 2.0 bar absolute. 

1406. The method of tflaim 1381, further comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons and H2, wherein a partial pressure of H2 
within the mixture is greater than about 0.5 bar. 

1407. The method/of claim 1406, wherein the partial pressure of within a mixture is 
measured when the mixture is at a production well. 
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1408. The method of claim 138 1 5 further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 



1409. The method of claim 1381, further comp/ising: 

providing hydrogen (H2) to the second /ection to hydrogenate hydrocarbons 
within the section; and 

heating a portion of the second section with heat from hydrogenation. 



1410. The method of claim 1381, further comprising: 

producing hydrogen and condensable hydrocarbons from the formation; and 
hydrogenating a portion of th/ produced condensable hydrocarbons with at least a 

portion of the produced hydrogen. 



1411. The method of claim 138a, wherein heating the first section or heating the second 
section comprises increasing a permeability of a majority of the first or second section, 
respectively, to greater than apout 100 millidarcy. 



1412. The method of claim 1381, wherein heating the first section or heating the second 
section comprises substantially uniformly increasing a permeability of a majority of the 
first or second section, respectively. 



1413. The method of claim 1381, further comprises controlling the heating of the first 
section or controlling the heat of the second section to yield greater than about 60 % by 
weight of condensable hydrocarbons, as measured by the Fischer Assay. 



1414. The method on claim 1381, further comprising producing a mixture from the 
formation in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for each production well. 
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1415. The method of claim 1381, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein th[ree or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 



1416. The method of claim 1381, further comprising providing heat from three or more 
heat sources to at least a portion of the formation/ wherein three or more of the heat 
sources are located in the formation in a unit oOneat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 



1417. A method of treating a hydrocarbon containing formation in situ, comprising: 

providing heat from one or mor^ heat sources to at least a portion of the 
formation; 

allowing the heat to transfer ^rom the one or more heat sources to a selected 
section of the formation; 

producing a mixture from me formation; and 

controlling formation conditions such that the mixture produced from the 
formation comprises condensable hydrocarbons including H2, wherein the partial 
pressure of H 2 within the mixture is greater than about 0.5 bar. 



1418. The method of clainy 1417, wherein the one or more heat sources comprise at 
least two heat sources, and jwherein superposition of heat from at least the two heat 
sources pyrolyzes at least <>ome hydrocarbons within the selected section of the 
formation. 



1419. The method of claim 1417, wherein controlling formation conditions comprises 
maintaining a temperati/re within the selected section within a pyrolysis temperature 
range. 
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1420. The method of claim 141 7, wherein the one or more heat sources comprise 
electrical heaters. 



142 1 . The method of claim 1417, wherein the one or more heat sources comprise 
surface burners. / 

1422. The method of claim 1417, wherein tile one or more heat sources comprise 
flameless distributed combustors. / 

1423. The method of claim 1417, wheyein the one or more heat sources comprise natural 
distributed combustors. / 

1424. The method of claim 1417, Anther comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. / 

1425. The method of clainv 1417, further comprising controlling the heat such that an 
average heating rate of the selected section is less than about 1 °C per day during 
pyrolysis. / 

1426. The method of alaim 1417, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (V) of the hydrocarbon containing formation from the 
one or more heat sources, wherein the formation has an average heat capacity (C v ), and 
wherein the heating pyrolyzes at least some hydrocarbons within the selected volume of 
the formation; and / 

wherein heating energy/day provided to the volume is equal to or less than Pwr. 
wherein Pwr is calculated by the equation: 




Pwr = h*V*C v *p 
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wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, p 8 is formation bulk density, and wherein,the heating rate is less than about 10 



'C/day. 



i 



1427. The method of claim 1417, wherein allowing the heat to transfer comprises 
transferring heat substantially by conductioi 



1428. The method of claim 1417, wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 



1429. The method of claim 14 17/ wherein the produced mixture comprises condensable 
hydrocarbons having an API gra/ity of at least about 25°. 



1430. The method of claim 1/417, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein afoout 0.1 % by weight to about 1 5 % by weight of the 
condensable hydrocarbons Are olefins. 



1431. The method of claim 1417, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 



1432. The method on claim 1417, wherein the produced mixture comprises condensable 
hvdrocarbons, and wHerein less than about 1 % bv weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 



1433. The method Jbf claim 1417, wherein the produced mixture comprises condensable 
hydrocarbons, and therein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 
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1434. The method of claim 1417.. wherein the produced mixture comprises condensable 
hvdrocarbons. and wherein less than about 1 % bv weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulftir. 



1435. The method of claim 1417, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to abou/ 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. / 



1436. The method of claim 1417, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than aboi/t 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. / 

1437. The method of claim 1417, whe/ein the produced mixture comprises condensable 
hydrocarbons, and wherein less than atout 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 

1438. The method of claim 1417, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less man about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. / 

1439. The method of claim A41 7, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein About 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 

1440. The method of claftm 1417, wherein the produced mixture comprises a non- 
condensable component/wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. 
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1441 . The method of claim 1417, wherein the produced mixture comprises ammonia, 
and wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

1442. The method of claim 1417, wherein the produ/ed mixture comprises ammonia, 
and wherein the ammonia is used to produce fertilizer. 



1443. The method of claim 1417, further comprising controlling a pressure within at 
least a majority of the selected section of the formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. 



1444. The method of claim 1417, further comprising altering a pressure within the 
formation to inhibit production of hydr/^carbons from the formation having carbon 
numbers greater than about 25. 



1445. The method of claim 141 7 /wherein controlling formation conditions comprises 
recirculating a portion of hydrogen from the mixture into the formation. 



1446. The method of claim 1417, further comprising: 

providing hydrogen (I/2) to the heated section to hydrogenate hydrocarbons 
within the section; and 

heating a portion of /the section with heat from hydrogenation. 



1447. The method of cl^lm 1417, further comprising: 

producing hydrogen and condensable hydrocarbons from the formation; and 
hydrogenating a/portion of the produced condensable hydrocarbons with at least a 

portion of the produced hydrogen. 



1448. The method off* claim 1417, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 100 
millidarcy. 
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1449. The method of claim 1417, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 



1450. The method of claim 1417, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by the Fischer 



145 1 . The method of claim 1417, wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for each production well. / 

1452. The method of claim 1417, further comprising providing heat from three or more 
heat sources to at least a portion of thetfbrmation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

1453. The method of claim 141 li further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular roattern, and wherein a plurality of the units are repeated 
over an area of the formation io form a repetitive pattern of units. 

1454. The method of claim/ 14 17, wherein the partial pressure of H 2 within the mixture 
is measured when the mixture is at a production well. 

1455. A method of treating a hydrocarbon containing formation in situ, comprising: 
providing heat from one or more heat sources to at least a portion of the 

formation; / 

allowing the heai to transfer from the one or more heat sources to a selected 
section of the formation; 




Assay. 
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maintaining a pressure of the selected section above atmospheric pressure to 
increase a partial pressure of H?, as compared to the partial pressure of H2 at atmospheric 
pressure, in at least a majority of the selected section; and 

producing a mixture from the formation, wherein the produced mixture comprises 
condensable hydrocarbons having an API gravity of at least about 25°. 



1456. The method of claim 1455, wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at least some hydrocarbons within Jne selected section of the 
formation. 



1457. The method of claim 1455, further comprising maintaining a temperature within 
the selected section within a pyrolysis temperature range. 



1458. The method of claim 1455, wherein/ihe one or more heat sources comprise 
electrical heaters. 



1459. The method of claim 1455, whqfein the one or more heat sources comprise 
surface burners. 



1460. The method of claim 1455, ; wherein the one or more heat sources comprise 
flameless distributed combustors. j 

1 

1461 . The method of claim 145p, wherein the one or more heat sources comprise natural 
distributed combustors. 

1462. The method of claim ^455, further comprising controlling the pressure and a 
temperature within at least a Majority of the selected section of the formation, wherein 
the pressure is controlled as/a function of temperature, or the temperature is controlled as 
a function of pressure. 
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1463. The method of claim 1455, further comprising controlling the heat such that an 
average heating rate of the selected section is less than about 1 °C per day during 
pyrolysis. 

/ 
/ 

1464. The method of claim 1455, wherein providing he^'t from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume {V) of the hydrocarbon containing formation from the 
one or more heat sources, wherein the formation has an average heat capacity (C v ) ? and 
wherein the heatine pvrolvzes at least some hvdro/arbons within the selected volume of 
the formation; and j 

wherein heating energy/day provided tt/the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 

Pwr = h*V*C v *p B 

wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation. p B is formation bulk density, and wherein the heating rate is less than about 10 
°C/dav. 



1465. The method of claim 1455, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 

§ 

1466. The method of claim 145/5, wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 

1467. The method of claim/1455, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0. 1 % by weight to about 15 % by weight of the 
condensable hydrocarbons /are olefins. 



1468. The method of claim 1455, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 
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1469. The method of claim 1455. wherein the produced mixture comprises condensable 

i 

hvdrocarbons. and wherein less than about 1 % bv weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 



1470. The method of claim 1455, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weightywhen calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 



1471. The method of claim 1455. wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % m weight, when calculated on an atomic 
basis, of the condensable hvdrocarbons is sulfur. 



1472. The method of claim 1455, whereiiVthe produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 

1473. The method of claim 1455,/wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 



1474. The method of claim 1455, wherein the produced mixture comprises condensable 
hvdrocarbons. and wherein \kss than about 5 % by weiaht of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 



1475. The method of claim 1455, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 
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1476. The method of claim 1455, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to abo,ut 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 



1477. The method of claim 1455, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10i/o by volume of the non-condensable 
component, and wherein the hydrogen is les/than about 80 % by volume of the non- 
condensable component. 

1478. The method of claim 1455, wherein the produced mixture comprises ammonia, 
and wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

1479. The method of claim 1455/wherein the produced mixture comprises ammonia, 
and wherein the ammonia is used'to produce fertilizer. 



1480. The method of claim 1^55, further comprising controlling the pressure within at 
least a majority of the selected section of the formation, wherein the controlled pressure 
is at least about 2,0 bar absolute. 



148 1 . The method of claim 1455. further comprising increasing the pressure of the 
selected section, to an upjaer limit of about 21 bar absolute, to increase an amount of non- 
condensable hydrocarbons produced from the formation. 



1482. The method of claim 1455, further comprising decreasing pressure of the selected 
section, to a lower limii of about atmospheric pressure, to increase an amount of 
condensable hydrocarpons produced from the formation. 



1483. The method of claim 1455, wherein the partial pressure comprises a partial 
pressure based on properties measured at a production well. 
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1484, The method of claim 1455, further comprising altering the pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 



numbers greater than about 25. 



1485. The method of claim 1455. further comprising controlling formation conditions 
by recirculating a portion of hydrogen from the mixture into the formation. 



1486. The method of claim 1455, further comprising: 

providing hydrogen (H2) to the he^xed section to hydrogenate hydrocarbons 
within the section; and 

heating a portion of the section/with heat from hydrogenation. 



1487. The method of claim 1455, further comprising: 

producing hydrogen and condensable hydrocarbons from the formation; and 
hydrogenating a portion of the produced condensable hydrocarbons with at least a 
portion of the produced hydrogen. 

1488. The method of claim V455, wherein allowing the heat to transfer comprises 
increasing a permeability of p majority of the selected section to greater than about 100 
millidarcy. 



1489. The method of claim 1455, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 



1490. The method of claim 1455, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by the Fischer 
Assav. 



1491. The method of claim 1455, wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 



the formation for each 



production well. 
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1492. The method of claim 1455, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat' sources, and wherein the unit of heat 
sources comprises a triangular pattern. / 

1493. The method of claim 1455, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a uni/ of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, ana wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

1494. A method of treating a hydrocarbon containing formation in situ, comprising: 
providing heat from one or more heat sources to at least a portion of the 

formation; / 

allowing the heat to transfer from the one or more heat sources to a selected 
section of the formation; / 

providing H? to the formation to produce a reducing environment in at least some 
of the formation; / 

producing a mixture from the formation. 

1495. The method of claim! 1494, wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at least some hydrocarbons within the selected section of the 
formation. / 

1496. The method of claim 1494, further comprising maintaining a temperature within 
the selected section within a pyrolysis temperature range. 

1497. The method of claim 1494, further comprising separating a portion of hydrogen 
within the mixture and recirculating the portion into the formation. 
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1498. The method of claim 1494, wherein the one or more heat sources comprise 
electrical heaters. 

/ 

1499. The method of claim 1494, wherein the one or more heat sources comprise 
surface burners. 



1500. The method of claim 1494, wherein thf one or more heat sources comprise 
flameless distributed combustors. 



1501. The method of claim 1494, wherejA the one or more heat sources comprise natural 
distributed combustors. 



1502. The method of claim 1494, furcher comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a funcpon of temperature, or the temperature is controlled as 
a function of pressure. 



1503. The method of claim 1494, further comprising controlling the heat such that an 
average heating rate of the selected section is less than about 1 °C per day during 
pyrolysis. 



1504. The method of claim 1494, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected Volume (F) of the hydrocarbon containing formation from the 
one or more heat sources] wherein the formation has an average heat capacity (C v ), and 
wherein the heating pyro/vzes at least some hydrocarbons within the selected volume of 
the formation; and 

wherein heating fcnergy/day provided to the volume is equal to or less than Pwr 9 
wherein- Put is calculated by the equation: 



Put = h*V*C v *p 



B 



\ 
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wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, p B is formation bulk density, and wherein the heating rate is less than about 10 
°C/day. } 

i 

1505. The method of claim 1494, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. / 

1 506. The method of claim 1494, wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greateryfhan about 0.5 W/(m °C). 

1507. The method of claim 1494, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 

1508. The method of claim 1494/ wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are qflefins. 

1 509. The method of claim 
condensable hydrocarbons, i 
condensable hydrocarbons r< 



1494, wherein the produced mixture comprises condensable 
?ss than about 1 % bv weieht. when calculated on an atomic 
rocarbons is nitrogen. 

1511. The method of claiiti 1494, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % bv weight, when calculated on an atomic 
basis, of the condensable Hydrocarbons is oxygen. 



1A94, wherein the produced mixture comprises non- 
Id wherein a molar ratio of ethene to ethane in the non- 
Lges from about 0.001 to about 0.15. 



1510. The method of claim , 
hydrocarbons, and wherein 
basis, of the condensable h 1 
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1512. The method of claim 1494. wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % bv weight, when calculated on an atomic 

* 

basis, of the condensable hydrocarbons is sulfur. 



1513. The method of claim 1494. wherein the proe/uced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing confounds, and wherein the oxygen 
containing compounds comprise phenols. 



1514. The method of claim 1494, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than/bout 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 



1515. The method of claim 1494/wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-/ing aromatics with more than two rings. 



1516. The method of claim/1494, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein/less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 



1517. The method of claim 1494, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 



1518. The method of claim 1494, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. 
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1519. The method of claim 1494, wherein the produced mixture comprises ammonia, 
and wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 



1 520. The method of claim 1494, wherein the produced mixture comprises ammonia, 
and wherein the ammonia is used to produce fertilizer./ 



1521. The method of claim 1494, further comprising controlling a pressure within at 
least a majority of the selected section of the formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. / 

1522. The method of claim 1494, further comprising controlling formation conditions to 
produce the mixture, wherein a partial pre/sure of H2 within the mixture is greater than 
about 0.5 bar. / 

1523. The method of claim 1494, wherein the partial pressure of H2 within the mixture 
is measured when the mixture is at ^production well. 

1 524. The method of claim 1494, further comprising altering a pressure within the 
formation to inhibit production pf hydrocarbons from the formation having carbon 
numbers greater than about 25/ 

1525. The method of clainy 1494, wherein providing hydrogen (H2) to the formation 
further comprises: / 

hydrogenating hydrocarbons within the section; and 

heating a portion of the section with heat from hydrogenation. 

1526. The method of cljaim 1494, further comprising: 

producing hydrq'gen and condensable hydrocarbons from the formation; and 



hydrogenating a portion of the produced condensable hydrocarbons with at least a 
portion of the produced hydrogen. 
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1527. The method of claim 1494, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 100 
millidarcv. } 



1528. The method of claim 1494, wherein allowingAe heat to transfer comprises 
substantially uniformly increasing a permeability ojt a majority of the selected section. 



1529. The method of claim 1494, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by the Fischer 
Assay. 



1530. The method of claim 1494, wherein producing the mixture comprises producing 
the mixture in a production well, an<a wherein at least about 7 heat sources are disposed in 
the formation for each production/veil. 



153 1 . The method of claim l*f94, further comprising providing heat from three or more 
heat sources to at least a portfon of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 



1532. The method of cLaim 1494, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in tne formation in a unit of heat sources, wherein the unit of heat 
sources comprises a tmangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 



1533. A method of treating a hydrocarbon containing formation in situ, comprising: 

providing peat from one or more heat sources to at least a portion of the 
formation; 

allowing /the heat to transfer from the one or more heat sources to a selected 
section of the formation: 
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providing H2 to the selected section to hydrogenate hydrocarbons within the 
selected section and to heat a portion of the section with heat from the hydrogenation: 
and I 

controlling heating of the selected section by controlling amounts of H2 provided 
to the selected section. 



1534. The method of claim 1533, wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition ^f heat from at least the two heat 
sources pyrolyzes at least some hydrocarbons within the selected section of the 



/ 



formation. 

I 

1535. The method of claim 1533, further comprising maintaining a temperature within 
the selected section within a pyrolysis temp^/ature range. 

1536. The method of claim 1533, wherei/the one or more heat sources comprise 
electrical heaters. 



1537. The method of claim 1533, wherein the one or more heat sources comprise 
surface burners. 



1538. The method of claim 1533, \yherein the one or more heat sources comprise 
flameless distributed combustors. 



1 539. The method of claim 153}, wherein the one or more heat sources comprise natural 
distributed combustors. 



1 540. The method of claim 1 2>33, further comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as % function of temperature, or the temperature is controlled as 
a function of pressure. 
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1541. The method of claim 1533, further comprising controlling the heat such that an 
average heating rate of the selected section is less than about 1 °C per day during 
pyrolysis. / 



1542. The method of claim 1533, wherein providing heat from ttye one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume {V) of the hydrocarbon containing formation from the 



one or more heat sources, wherein the formation has an average heat capacity (CV), and 
wherein the heating pyrolyzes at least some hydrocarbons wj/thin the selected volume of 
the formation; and 

wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 
Pwr = h*V*C v *p B 

wherein Pwr is the heating energy/day, h is ad average heating rate of the 
formation. p B is formation bulk density, and whereip the heating rate is less than about 10 
°C/dav. 



1543. The method of claim 1533, wherein allo/ving the heat to transfer comprises 
transferring heat substantially by conduction. 



1544. The method of claim 1533, wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater ihan about 0.5 W/(m °C). 



1 545. The method of claim 1533, further comprising producing a mixture from the 
formation, wherein the produced mixtt/re comprises condensable hydrocarbons having an 
API gravity of at least about 25°. 



1 546. The method of claim 1533, nirther comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
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wherein about 0.1 % by weight to about 15 % by weight of the condensable hydrocarbons 

are olefins. j 

/ 

/ 

1547. The method of claim 1533, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises non-condensable hydrocarbons, and 
wherein a molar ratio of ethene to ethane in the non-conder)iable hydrocarbons ranges 
from about 0.00 1 to about 0.15. 



1548. The method of claim 1533, further comprising/producing a mixture from the 
formation, wherein the produced mixture comprises/condensable hydrocarbons, and 
wherein less than about 1 % by weight, when calcjalated'on an atomic basis,' of the 
condensable hydrocarbons is nitrogen. 



1549. The method of claim 1533, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 1 % by weight, \yhen calculated on an atomic basis, of the 
condensable hydrocarbons is oxygen. 



1550. The method of claim 1533, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 1 % by weight, when calculated on an atomic basis, of the 
condensable hydrocarbons is sulfur. 



1551. The method of claim/l 533, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, wherein 
about 5 % by weight to al/out 30 % by weight of the condensable hydrocarbons comprise 
oxygen containing compounds, and w r herein the oxygen containing compounds comprise 
phenols. 

1552. The method 0!" claim 1533, further comprising producing a mixture from the 
formation, wherein tne produced mixture comprises condensable hydrocarbons, and 
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wherein greater than about 20 % by weight of the condensable hydrocarbons are aromatic 
compounds. ) 

1553. The method of claim 1533. further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 5 % by weight of the condensabla/hydrocarbons comprises multi- 
ring aromatics with more than two rings. / 

1554. The method of claim 1533, further comprising producing a mixture from the 
formation, wherein the produced mixture comprise/condensable hydrocarbons, and 
wherein less than about 0.3 % by weight of the condensable hydrocarbons are 
asphaltenes. / 

1555. The method of claim 1533, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein about 5 % by weight to about 30 % by weight of the condensable hydrocarbons 
are cycloalkanes. / 

1556. The method of claim 1533, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises a non-condensable component, 
wherein the non-condensable component comprises hydrogen, wherein the hydrogen is 
greater than about 10 % by volume of the non-condensable component, and wherein the 
hydrogen is less than about 80 % by volume of the non-condensable component. 

1557. The method of claim 1533, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises ammonia, and wherein greater than 
about 0.05 % by weight of the produced mixture is ammonia. 

1558. The method of claim 1533, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises ammonia, and wherein the ammonia 
is used to produce fertilizer./ 
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1559. The method of claim 1533, further comprising controlling a pressure within at 
least a majority of the selected section of the formation, y/herein the controlled pressure 
is at least about 2.0 bar absolute. / 

1560. The method of claim 1533, further comprising controlling formation conditions to 
produce a mixture from the formation, wherein a partial pressure of H2 within the mixture 
is greater than about 0.5 bar. / 

1561. The method of claim 1 560, wherein the /partial pressure of H2 within the mixture 
is measured when the mixture is at a production well. 

1562. The method of claim 1533, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. / 

1563. The method of claim 1533, furaier comprising controlling formation conditions 
by recirculating a portion of hydrogen from a produced mixture into the formation. 

1564. The method of claim 1533, rurther comprising: 

producing hydrogen and condensable hydrocarbons from the formation; and 
hydrogenating a portion 01 the produced condensable hydrocarbons with at least a 
portion of the produced hydrogep. 

1565. The method of claim 1 
increasing a permeability of a 
millidarcy. / 

1566. The method of claim 1533, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 



1 



, wherein allowing the heat to transfer comprises 
ajority of the selected section to greater than about 100 
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1567. The method of claim 1533, wherein the heating is controlled of claim 1533, 
further comprising producing a mixture in a production well, and wherein at least about 7 
heat sources are disposed in the formation for each production well. 



1568. The method of claim 1533, further comprising providing heat from three or more 



heat sources to at least a portion of the formation; wherein three or more of the heat 
sources are located in the formation in a unit o£heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 



1 569. The method of claim 1533, furtherycomprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in i unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern( and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

1570. An in situ method for producing H2 from a hydrocarbon containing formation, 
comprising: 

providing heat from one/or more heat sources to at least a portion of the 
formation; 

allowing the heat to transfer from the one or more heat sources to a selected 
section of the formation; and; 

producing a mixture from the formation, wherein a H2 partial pressure within the 
mixture is greater than about 0.5 bar. 



1571. The method of claim 1 570, wherein the one or more heat sources comprise at 
least two heat sources, ana wherein superposition of heat from at least the two heat 
sources pyrolyzes at lea^x some hydrocarbons within the selected section of the 
formation. 



1572. The method on claim 1570, further comprising maintaining a temperature within 
the selected section Within a pyrolysis temperature range. 
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1573. The method of claim 1570, wherein the one or more heat sources comprise 
electrical heaters. 



1574. The method of claim 1570, wherein the onepr more heat sources comprise 
surface burners. 



1575. The method of claim 1 570, wherein the/one or more heat sources comprise 
flameless distributed combustors. 



1576. The method of claim 1570, wherein the one or more heat sources comprise natural 
distributed combustors. 



1577. The method of claim 1570, f^fther comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. 



1578. The method of claim 1270, further comprising controlling the heat such that an 
average heating rate of the se/ected section is less than about 1 °C per day during 
pyrolysis. 



1579. The method of claim 1570, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected/volume (V) of the hydrocarbon containing formation from the 
one or more heat sources, wherein the formation has an average heat capacity (C v ). and 
wherein the heating pyrplyzes at least some hydrocarbons within the selected volume of 
the formation; and 

wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherejn Pwr is calculated by the equation: 
Pwr = h*V*Q v *p B 
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wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, p B is formation bulk density, and wherein the heating rate is less than about 10 
°C/dav. / 



1 580. The method of claim 1 570, wherein allo\ying the heat to transfer comprises 
transferring heat substantially by conduction. 



1581. The method of claim 1570, wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greaterAhan about 0.5 W/(m °C). 



1582. The method of claim 1570, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 

1583. The method of claim 1570/wherein the produced mixture comprises condensable 
hydrocarbons, and wherein abouyO.l % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 



1 584. The method of claim 1 570, wherein the produced mixture comprises non- 
condensable hydrocarbons, arid wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 



1585. The method of claim 1570, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 



1586. The method of claim 1570, wherein the produced mixture comprises condensable 
hydrocarbons, and wnerein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 
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1 587. The method of claim 1 570. wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. / 

/ 

1588. The method of claim 1 570, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about JO % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. / 

1589. The method of claim 1570, wherein the p/oduced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. / 

1590. The method of claim 1570, wherein /he produced mixture comprises condensable 
hydrocarbons, and wherein less than about/5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 

1591. The method of claim 1 570, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. / 

1 592. The method of claim 1 570, wherein the produced mixture comprises condensable . 
hydrocarbons, and wherein about 5 r/o by weight to about 30 % by weight of the 
condensable hydrocarbons are cyclpalkanes. 

1593. The method of claim 15701 wherein the produced mixture comprises a non- 
condensable component, whereiry the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. / 
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1594. The method of claim 1570. wherein the produced mixture comprises ammonia, 
and wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

1 595. The method of claim 1570, wherein the produced mixture comprises ammonia, 
and wherein the ammonia is used to produce fertilizer. / 

/controlling a pressure within at 
n, wherein the controlled pressure 

1597. The method of claim 1570, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbon^ from the formation having carbon 
numbers greater than about 25. / 

1598. The method of claim 1570. further comprising recirculating a portion of the 
hvdroeen within the mixture into the formation. 

1599. The method of claim 1570, further comprising condensing a hydrocarbon 
component from the produced mixture and hydrogenating the condensed hydrocarbons 
with a portion of the hydrogen. / 

1600. The method of claim 1570, further comprising: 

providing hydrogen (H2) to the heated section to hydrogenate hydrocarbons 
within the section; and / 

heating a portion of the section with heat from hydrogenation. 

1601. The method of claim 1570, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 100 
millidarcv. / 



1596. The method of claim 1570, further comprisin 
least a majority of the selected section of the formatii 
is at least about 2.0 bar absolute. / 
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1602. The method of claim 1570, wherein allowing the heat to transfer comprises 

F 

substantially uniformly increasing a permeability of a .majority of the selected section. 

1603. The method of claim 1570, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by the Fischer 
Assay. / 

1604. The method of claim 1570, wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for each production well. / 

1605. The method of claim 1570, fuyfher comprising providing heat from three or more 
heat sources to at least a portion of tile formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

1606. The method of claim 1570, further comprising providing heat from three or more 
heat sources to at least a portipn of the formation, wherein three or more of the heat 
sources are located in the fopiation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

1607. The method of claim 1570, wherein the partial pressure of H2 within the mixture 
is measured when the mixture is at a production well. 

1608. A method of treating a hydrocarbon containing formation in situ, comprising: 
providing heajf from one or more heat sources to at least a portion of the 

formation; / - . 

allowing the/heat to transfer from the one or more heat sources to a selected 
section of the formation; 
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wherein the selected section has been selected for heating using an atomic 
hydrogen weight percentage of at least a portion of hydrocarbons in the selected section, 
and wherein at least the portion of the hydrocarbon/in the selected section comprises an 
atomic hydrogen weight percentage, when measu/ed on a dry, ash-free basis, of greater 
than about 4.0 %; and 

producing a mixture from the formatiorf. 



1609. The method of claim 1608, wherein ihe one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at least some hydrocarbons within the selected section of the 
formation. 



1610. The method of claim 1608, farther comprising maintaining a temperature within 
the selected section within a pyrolysis temperature range. 



1611. The method of claim 16(/8, wherein the one or more heat sources comprise 
electrical heaters. 



1612. The method of claim/1608, wherein the one or more heat sources comprise 
surface burners. 



1613. The method of claim 1608, wherein the one or more heat sources comprise 
flameless distributed com'bustors. 



1614. The method of qaim 1608, wherein the one or more heat sources comprise natural 
distributed combustors. 



1615. The method of/claim 1608, further comprising controlling a pressure and a 
temperature within at /least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. 
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1616. The method of claim 1608, further comprising'controlling the heat such that an 
average heating rate of the selected section is less tfyan about 1 °C per day during 
pyrolysis. 



1617. The method of claim 1608, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (V) of the hydrocarbon containing formation from the 
one or more heat sources, wherein the formation has an average heat capacity (C v ), and 
wherein the heating pyrolyzes at least source hydrocarbons within the selected volume of 
the formation; and 

wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 
Pwr = /2*F*C V */> S 

wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, p B is formation bulk gensity, and wherein the heating rate is less than about 1 0 

°C/day. 



1618. The method of claim A 608, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 

1619. The method of clarni 1608, wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 

1620. The method of claim 1608, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 



1621. The method of claim 1608, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 
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1622. The method of claim 1608, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 



1623. The method of claim 1608, wherein. che produced mixture comprises condensable 
hydrocarbons, and wherein less than about' 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 

1624. The method of claim 1608, wherein the produced mixture comprises condensable 
hvdrocarbons. and wherein less thanAbout 1 % bv weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 

1625. The method of claim 1605. wherein the produced mixture comprises condensable 
hydrocarbons, and wherein lesys than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 

1626. The method of claim 1608, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise ©xygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 

1627. The method ofl claim 1608, wherein the produced mixture comprises condensable 
hydrocarbons, and whlerein greater than about 20 % by weight of the condensable 
hydrocarbons are ardmatic compounds. 

1628. The method/of claim 1608, wherein the produced mixture comprises condensable 
hydrocarbons, and/wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 
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1629. The method of claim 1608, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. / . 



1630. The method of claim 1608, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to alzfout 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. / 

1 63 1 . The method of claim 1 608, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about ly % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the nqn- 
condensable component. / 

1632. The method of claim 1608, wherein the produced mixture comprises ammonia, 
and wherein greater than about 0.05 °/Jby weight of the produced mixture is ammonia. 

1633. The method of claim 1608, wherein the produced mixture comprises ammonia, 
and wherein the ammonia is used t© produce fertilizer. 

1634. The method of claim 1608, further comprising controlling a pressure within at 
least a majority of the selected section of the formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. 

1635. The method of claim V608, further comprising controlling formation conditions to 
produce the mixture, wherein a partial pressure of H 2 within the mixture is greater than 
about 0.5 bar. / 

1636. The method of claim 1635, wherein the partial pressure of H2 within the mixture 
is measured when the mixture is at a production well. 
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1637. The method of claim 1608, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. / 

1638. The method of claim 1608, further comprising icontrolling formation conditions 
by recirculating a portion of hydrogen from the mixture into the formation. 

1639. The method of claim 1608, further comprising: 



providing hydrogen (H2) to the heated section to hydrogenate hydrocarbons 
within the section; and / 

heating a portion of the section with tieat from hydrogenation. 

1640. The method of claim 1608, further comprising: 

producing hydrogen and condensable hydrocarbons from the formation; and 
hydrogenating a portion of theyproduced condensable hydrocarbons with at least a 
portion of the produced hydrogen. / 

1641 . The method of claim 1608/ wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 100 
millidarcy. / 

1642. The method of claim V608, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 

1643. The method of claim 1608, further comprising controlling the heat to yield greater 
than about 60 % by weigm of condensable hydrocarbons, as measured by the Fischer 
Assav. / 

1644. The method of alaim 1608, w r herein producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for eachf production well. 
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1645. The method of claim 1608, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of hpat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 



1646. The method of claim 1608, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a imit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a/repetitive pattern of units. 

1647. A method of treating a hydrocarbon containing formation in situ, comprising: 
providing heat from one or/nore heat sources to at least a portion of the 

formation; 

allowing the heat to transfer from the one or more heat sources to a selected 
section of the formation; 

wherein at least some hydrocarbons within the selected section have an initial 
atomic hydrogen weight percentage of greater than about 4.0 %; and 

producing a mixture/from the formation. 



1648. The method of claim 1647, wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at leapt some hydrocarbons within the selected section of the 
formation. 



1649. The method of claim 1647, further comprising maintaining a temperature within 
the selected section within a pyrolysis temperature range. 



1650. The method of claim 1647, wherein the one or more heat sources comprise 
electrical heaters. 
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1 65 1 . The method of claim 1 647, wherein the one or more heat sources comprise 



surface burners. / 

1652. The method of claim 1647, wherein the one or more heat sources comprise 
flameless distributed combustors. / 

1653. The method of claim 1647, wherein the one or/more heat sources comprise natural 



1654. The method of claim 1647, further composing controlling a pressure and a 
temperature within at least a majority of the sele'cted section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. / 

1655. The method of claim 1647, further comprising controlling the heat such that an 
average heating rate of the selected section is less than about 1 °C per day during, 
pyrolysis. / 

1656. The method of claim 1647, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume ( Vj of the hydrocarbon containing formation from the 
one or more heat sources, wherein the formation has an average heat capacity (C v ), and 
wherein the heating pyrolyzes at least some hydrocarbons within the selected volume of 
the formation; and / 

wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the /equation: 

Pwr = h*V*C v *pB I 

wherein Pwr is the heatijng energy/day, h is an average heating rate of the 
formation, p B is formation bulk/density, and wherein the heating rate is less than about 10 
°C/day. / 



distributed combustors. 
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1657. The method of claim 1647, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. / 

t 

1658. The method of claim 1647, wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 



1659. The method of claim 1647, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 



1660. The method of claim 1647, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0. 1 %py weight to about 1 5 % by weight of the 
condensable hydrocarbons are olefins.. 



1661. The method of claim 1647, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 



1662. The method of claim J647, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 



1663. The method of claim 1647, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 



1664. The method of claim 1647, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 
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1665. The method of claim 1647, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and^vherein the oxygen 
containing compounds comprise phenols. 



1666. The method of claim 1647, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % j/y weight of the condensable 
hydrocarbons are aromatic compounds. 



10 



1667. The method of claim 1647, wherein theyproduced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatLcs with more than two rings. 



15 



1668. The method of claim 1647, whenein the produced mixture comprises condensable 
hydrocarbons, and wherein less than ajbout 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 



20 



1669. The method of claim 1647, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein aboxft 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are ycycloalkanes. 



25 



1 670. The method of claim/1647, wherein the produced mixture comprises a non- 
condensable component, wnerein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and whereiiythe hydrogen is less than about 80 % by volume of the non- 
condensable component 



30 



1671 . The method of claim 1647, wherein the produced mixture comprises ammonia, 
and wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 
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1672. The method of claim 1647, wherein the produced mixture comprises ammonia, 

and wherein the ammonia is used to produce fertilizer 

/ 

• / 

1673. The method of claim 1647, further comprising controlling a pressure within at 
least a majority of the selected section of the fornj'ation, wherein the controlled pressure 
is at least about 2.0 bar absolute. 



1674. The method of claim 1647, further comprising controlling formation conditions to 
produce the mixture, wherein a partial pressure of H2 within the mixture is greater than 
about 0.5 bar. 




1675. The method of claim 1674, wherein the partial pressure of H2 within the mixture 
is measured when the mixture is at a/production well. 



1676. The method of claim 1647, further comprising altering a pressure within the 
formation to inhibit production pf hydrocarbons from the formation having carbon 
numbers greater than about 25 



1677. The method of clainy 1647, further comprising controlling formation conditions 
by recirculating a portion of hydrogen from the mixture into the formation. 



1678. The method of claim 1647, further comprising: 

providing hydrogen (H2) to the heated section to hydrogenate hydrocarbons 
within the section; and j 

heating a portiod of the section with heat from hydrogenation. 



1679. The method of claim 1647, further comprising: 

producing hydrogen and condensable hydrocarbons from the formation; and 
hydrogenating a portion of the produced condensable hydrocarbons with at least a 

portion of the produced hydrogen. 
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1680. The method of claim 1647, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected section/to greater than about 100 
millidarcy. 



1681. The method of claim 1647, wherein allowing thereat to transfer comprises 
substantially uniformly increasing a permeability of a/majority of the selected section. 



1682. The method of claim 1647, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by the Fischer 
Assay. 



1683. The method of claim 1647, wherein producing the mixture comprises producing 
the mixture in a production well, and wtyerein at least about 7 heat sources are disposed in 
the formation for each production well, 



1684. The method of claim 1647, mrther comprising providing heat from three or more 
heat sources to at least a portion of/the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 



1685. The method of claim 1/647, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 



over an area of the formation to form a repetitive pattern of units. 



1686. A method of treating a hydrocarbon containing formation in situ, comprising: 

providing heat /rom one or more heat sources to at least a portion of the 
formation; 

allowing the meat to transfer from the one or more heat sources to a selected 
section of the formation: 
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wherein the selected section has been selected for heating using vitrinite 
reflectance of at least some hydrocarbons in the selected section, and wherein at least a 
portion of the hydrocarbons in the selected section comprises a vitrinite reflectance of 
greater than about 0.3 %; / 

wherein at least a portion of the hydrocarbons in the selected section comprises a 

vitrinite reflectance of less than about 4.5 %; and, / 

// 

producing a mixture from the formation. / 



1687. The method of claim 1686, wherein the/one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at least some hydrocarbons within the selected section of the 
formation. 



1688. The method of claim 1686. further comprising maintaining a temperature within 
the selected section within a pyrolysisyfemperature. 



1689. The method of claim 1686. wherein the vitrinite reflectance of at least the portion 
of hydrocarbons within the selected section is between about 0.47 % and about 1.5 % 
such that a majority of the produced mixture comprises condensable hydrocarbons. 



1690. The method of claim 1 ©86, wherein the vitrinite reflectance of at least the portion 
of hydrocarbons within the selected section is between about 1.4 % and about 4.2 % such 
that a majority of the produced mixture comprises non-condensable hydrocarbons. 



1691. The method of claiqh 1686, wherein the one or more heat sources comprise 
electrical heaters. 



1692. The method of cljim 1686, wherein the one or more heat sources comprise 
surface burners. 
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1693. The method of claim 1686, wherein the one or more Heat sources comprise 
flameless distributed combustors. 

1694. The method of claim 1686, wherein the one or/nore heat sources comprise natural 
distributed combustors. 



1695. The method of claim 1686, further comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. 



1696. The method of claim 1686, furtherycomprising controlling the heat such that an 
average heating rate of the selected section is less than about 1 °C per day during 
pyrolysis. 



1697. The method of claim 1686, Wherein providing heat from the one or more heat 
sources to at least the portion of fontnation comprises: 

heating a selected volume lV) of the hydrocarbon containing formation from the 
one or more heat sources, wherem the formation has an average heat capacity (C v ) ; and 
wherein the heating pyrolyzes aft least some hydrocarbons within the selected volume of 
the formation; and 

wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 
Pwr = h*V*C v *p B 

wherein Pwr is the/heating energy/day, h is an average heating rate of the 
formation, p B is formatiory bulk density, and wherein the heating rate is less than about 10 
°C/day. 



1698. The method of alaim 1686, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 
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1699. The method of claim 1686, wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 m °C). 

1700. The method of claim 1686, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least aboj/t 25°. 



1701 . The method of claim 1686, wherein theyproduced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 



1702. The method of claim 1686, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges frpm about 0.001 to about 0.15. 



1703. The method of claim 168©, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less/than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 



1704. The method of claimf 1686, wherein the produced mixture comprises condensable 
hydrocarbons, and whereirvless than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 



1705. The method of claim 1686, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 



1706. The method of claim 1686, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons compose oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 
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1707. The method of claim 1686, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight' of the condensable 
hydrocarbons are aromatic compounds. ^ 



1708. The method of claim 1686, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 



1709. The method of claim 1686, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0./ % by weight of the condensable 
hydrocarbons are asphaltenes. 

1710. The method of claim 1686, wherefin the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % bfy weight to about 30 % by weight of the 
condensable hydrocarbons are cycloawcanes. 



1711. The method of claim 1 686, wherein the produced mixture comprises a non- 
condensable component, wherein /the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the hyprogen is less than about 80 % by volume of the non- 
condensable component. 



1712. The method of claim/ 1686, wherein the produced mixture comprises ammonia, 
and wherein greater than abSout 0.05 % by weight of the produced mixture is ammonia. 



1713. The method of claim 1686, wherein the produced mixture comprises ammonia, 
and wherein the ammonia is used to produce, fertilizer. 
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1714. The method of claim 1686, further comprising controlling a pressure within at 
least a majority of the selected section of the formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. / 



1715. The method of claim 1686, further comprising controlling formation conditions to 
produce the mixture, wherein a partial pressure of H2 within the mixture is greater than 
about 0.5 bar. / 

1716. The method of claim 1715, wherein the partiafl pressure of H2 within the mixture 
is measured when the mixture is at a production wedl. 

1717. The method of claim 1686, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. / 

1718. The method of claim 1686, furthe/ comprising controlling formation conditions 
by recirculating a portion of hydrogen from the mixture into the formation. 

1719. The method of claim 1686, fumher comprising: 

providing hydrogen (H2) to the heated section to hydrogenate hydrocarbons 
within the section; and / 

heating a portion of the sec/ion with heat from hydrogenation. 

1 720. The method of claim 1686, further comprising: 

producing hydrogen and/condensable hydrocarbons from the formation; and 
hydrogenating a portion of the produced condensable hydrocarbons with at least a 
portion of the produced hydrogen. 

1 72 1 . The method of claim/ 1 686, wherein allowing the heat to transfer comprises 
increasing a permeability or a majority of the selected section to greater than about 100 
millidarcy. / 
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1722. The method of claim 1686, wherein allowing the heat/to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 



1 723. The method of claim 1686, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by the Fischer 
Assay. 
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1724. The method of claim 1686, wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at /east about 7 heat sources are disposed in 
the formation for each production well. 



1725. The method of claim 1686, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a qnit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 



1726. The method of claim 1686, fuijfher comprising providing heat from three or more 
heat sources to at least a portion of thfe formation, wherein three or more of the heat 
sources are located in the formation An a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 



25 
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1 727. A method of treating a hydrocarbon containing formation in situ, comprising: 

providing heat from one/or more heat sources to at least a portion of the 
formation; 

allowing the heat to transfer from the one or more heat sources to a selected 
section of the formation; 

wherein the selected/section has been selected for heating using a total organic 
matter weight percentage o^* at least a portion of the selected section, and wherein at least 

/ 
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the portion of the selected section comprises a total organic matter weight percentage, of 
at least about 5.0 %; and 

i 

producing a mixture from the formation. 



1728. The method of claim 1727, wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at least some hydrocarbons within/he selected section of the 
formation. 



1 729. The method of claim 1 727, further composing maintaining a temperature within 
the selected section within a pyrolysis temperature range. 



1730. The method of claim 1727, wherein yie one or more heat sources comprise 
electrical heaters. 



1 73 1 . The method of claim 1 727, wherqin the one or more heat sources comprise 
surface burners. 



1732. The method of claim 1727, whjerein the one or more heat sources comprise 
flameless distributed combustors. 



1733. The method of claim 1727, ^herein the one or more heat sources comprise natural 
distributed combustors. 



1 734, The method of claim 1727/ further comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. 
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1735. The method of claim 1727. further comprising controlling the heat such that an 
avenue heating rate of the selected section is less than about 1 °C per day during 

pyrolysis. 

1736. The method of claim 1727, wherein providing he/t from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (V) of the hydrocart/on containing formation from the 
re heat sources, wherein the formation has/an average heat capacity (C v ), and 
.herein the heating pyrolyzes at least some hydrocarbons within the selected volume of 
the formation; and 

wherein heating energy/day provided to/he volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 
Pwr = h*V*C v *p B 

wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, p B is formation bulk density, ar/d wherein the heating rate is less than about 10 
°C/day. 

1737. The method of claim 1727, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 

1738. The method of claim 1727/wherein providing heat from the one or more heat 
sources comprises heating the selLed section such that a thermal conductivity of at least 
a portion of the selected sectionAs greater than about 0.5 W/(m °C). 

1739. The method of claim Jl27, wherein the produced mixture comprises condensable 
hydrocarbons having an APl/gravity of at least about 25°. 

1740. The method of claijh 1727, wherein the produced mixture comprises condensable 
hvdrocarbons, and wherei/ about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarborfs are olefins. 
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1741. The method of claim 1727, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to auout 0.15. 

1742. The method of claim 1727. wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 

1743. The method of claim 1727, wherein me produced mixture comprises condensable 
hydrocarbons, and wherein less than about/l % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 

1744. The method of claim 1727, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 

1745. The method of claim 11/21, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about p % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 

1746. The method of claim 1727. wherein the produced mixture comprises condensable 
hydrocarbons, and whe/ein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 

1747. The method of claim 1727, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 
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1 748. The method of claim 1 727, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight pf the condensable 
hydrocarbons are asphaltenes. 

1 749. The method of claim 1 727, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to zpoul 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 



1750. The method of claim 1727, wherein theyproduced mixture comprises a non- 
condensable component, wherein the non-conaensable component comprises hydrogen, 
wherein the hydrogen is greater than about Y0 % by volume of the non-condensable 
component, and wherein the hydrogen is l/ss than about 80 % by volume of the non- 
condensable component. 

1 75 1 . The method of claim 1 727, wHerein the produced mixture comprises ammonia, 
and wherein greater than about 0.05/% by weight of the produced mixture is ammonia. 



1752. . The method of claim 1727, wherein the produced mixture comprises ammonia, 
and wherein the ammonia is used to produce fertilizer. 



1 753. The method of claim 1)727, further comprising controlling a pressure within at 
least a majority of the selected section of the formation, wherein the controlled pressure 
is at least about 2.0 bar abso^Lte. 

1 754. The method of claim 1 727, further comprising controlling formation conditions to 
produce the mixture, wherein a partial pressure of H2 within the mixture is greater than 
about 0.5 bar. 



1 755. The method of dlaim 1 754, wherein the partial pressure of H2 within the mixture 
is measured when the mixture is at a production well. 
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1 756. The method of claim 1 727, further comprising altering a pressure within the 

formation to inhibit production of hydrocarbons from the formation having carbon 

/ 

numbers greater than about 25. / 

/ 

1757. The method of claim 1727. further compri/ing, controlling formation conditions 
by recirculating a portion of hydrogen from the fixture into the formation. 

i 



1758. The method of claim 1727, further comprising: 

providing hydrogen (H2) to the heat&d section to hydrogenate hydrocarbons 
within the section; and 

heating a portion of the section yCith heat from hydrogenation. 



1759. The method of claim 1727, further comprising: 

producing hydrogen and condensable hydrocarbons from the formation; and 
hydrogenating a portion of the produced condensable hydrocarbons with at least a 

portion of the produced hydrog< 



1760. The method of claim V727, wherein allowing the heat to transfer comprises 
increasing a permeability of p. majority of the selected section to greater than about 100 
millidarcy. 



1761. The method of claim 1727, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 



1762. The method of cflaim 1727, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by the Fischer 
Assay. 



1763. The method of claim 1727, wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for eafch production well. 
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1 764. The method of claim 1 727, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 

sources are located in the formation in a unit of £eat sources, and wherein the unit of heat 

/ 

sources comprises a triangular pattern. ^ 

1 765. The method of claim 1727, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in af unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern/ and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

1766. A method of treating a hydrocarbon containing formation in situ, comprising: 
providing heat from one ©r more heat sources to at least a portion of the 

formation; / 

allowing the heat to transfer from the one or more heat sources to a selected 
section of the formation; / 

wherein at least some hydrocarbons within the selected section have an initial 
total organic matter weight percentage of at least about 5.0%; and 

producing a mixture from the formation. 

1767. The method of claim 1766, wherein the one or more heat sources comprise at 
least two heat sources, apd wherein superposition of heat from at least the two heat 
sources pyrolyzes at least some hydrocarbons within the selected section of the 
formation. / 

1768. The method oif claim 1766, further comprising maintaining a temperature within 
the selected section within a pyrolysis temperature range. 

1769. The method/of claim 1766, wherein the one or more heat sources comprise 
electrical heaters. I 
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1770. The method of claim 1766, wherein the one of more heat sources comprise 
surface burners. / 




1771. The method of claim 1766, wherein the one or more heat sources comprise 
flameless distributed combustors. / 

1772. The method of claim 1766, wherein me one or more heat sources comprise natural 
distributed combustors. / 

1773. The method of claim 1766, furtbfer comprising controlling a pressure and a 
temperature within at least a majority yof the selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. / 

1774. The method of claim 176,6, further comprising controlling the heat such that an 
average heating rate of the selected section is less than about 1 °C per day during 
pyrolysis. / 

1775. The method of claim A 766, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (V) of the hydrocarbon containing formation from the 
one or more heat sources, wherein the formation has an average heat capacity (C v ), and 
wherein the heating pyrolyzes at least some hydrocarbons within the selected volume of 
the formation; and / 

wherein heating tnergy/day provided to the volume is equal to or less than P\n\ 
wherein Pwr is calculated by the equation: 

Pwr = H*V*C v jpb 

wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, ps is formation bulk density, and wherein the heating rate is less than about 10 



°C/day. 
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1 776. The method of claim 1 766, wherein allowing/the heat to transfer comprises 
transferring heat substantially by conduction. . / 

1777. The method of claim 1766, wherein prc/viding heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater man about 0.5 W/(m °C). 

1778. The method of claim 1766, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity ok at least about 25°. 

1779. The method of claim 1766,/wherein the produced mixture comprises condensable 
hydrocarbons, and wherein abouyO.l % by weight to about 15 % by weight of the 
condensable hydrocarbons are mefins. 

1780. The method of claim A 766, wherein the produced mixture comprises non- 
condensable hydrocarbons, And wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons/ranges from about 0.001 to about 0.15. 

1 781 . The method of claim 1766, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 

1782. The method of claim 1766, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 

1783. The method of claim 1766, wherein the produced mixture comprises condensable 
hydrocarbons, ana wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 
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1784. The method of claim 1766, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to aboii 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. / 

1785. The method of claim 1766, wherein the/produced mixture comprises condensable 
hydrocarbons, and wherein greater than about' 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. / 

1 786. The method of claim 1 766, wher/in the produced mixture comprises condensable 
hydrocarbons, and wherein less than aj/out 5 % by weight of the condensable 
hydrocarbons comprises multi-ring a/omatics with more than two rings. 

1787. The method of claim 1766./ wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less |han about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. / 

1788. The method of claim 4766, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein ibout 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons fire cycloalkanes. 

1789. The method of claim 1766, wherein the produced mixture comprises a non- 
condensable componenUwherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is/greater than about 10 % by volume of the non-condensable 
component, and whereiii the hydrogen is less than about 80 % by volume of the non- 
condensable component. 

1 790. The method of claim 1 766, wherein the produced mixture comprises ammonia, 
and wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 



\ 
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1 791 . The method of claim 1 766, wherein the produced mixture comprises ammonia, 
and wherein the ammonia is used to produce fertilizer. 

1 792. The method of claim 1 766, further comprising* controlling a pressure within at 
least a majority of the selected section of the formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. / 

1793. The method of claim 1766, furthencomprising controlling formation conditions to 
produce the mixture, wherein a partial pressure of H2 within the mixture is greater than 
about 0.5 bar. / 

1794. The method of claim 1793, therein the partial pressure of H2 within the mixture 
is measured when the mixture is at a production well. 

1795. The method of claim 1/66, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 

1 796. The method of cla/m 1 766, further comprising controlling formation conditions 
by recirculating a portion of hydrogen from the mixture into the formation. 

1 797. The method of claim 1 766, further comprising: 

providing hydrogen (H2) to the heated section to hydrogenate hydrocarbons 
within the section; ana 

heating a pon/ion of the section with heat from hydrogenation. 

1798. The method of claim 1766, further comprising: 

producing inydrogen and condensable hydrocarbons from the formation; and 
hydrogenating a portion of the produced condensable hydrocarbons with at least a 
portion of the produced hydrogen. 
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1799. The method of claim 1766, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 100 
millidarcy. / 

1800. The method of claim 1 766, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 

1 80 1 . The method of claim 1 766, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by the Fischer 
Assay. / 

1802. The method of claim 1766, wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for each production well. 

1803. The method of claim 176a, further comprising providing heat from three or more 
heat sources to at least a portioryof the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

1 804. The method of claim 1 766, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

1805. A method of treating a hydrocarbon containing formation in situ, comprising: 
providing heart from one or more heat sources to at least a portion of the 

formation; / 

allowing the heat to transfer from the one or more heat sources to a selected 
section of the formation; 
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wherein the selected section has been selected for heating using an atomic oxygen 

weight percentage of at least a portion of hydrocarbons in the selected section, and 

» 

wherein at least a portion of the hydrocarbons in the/selected section comprises an atomic 
oxygen weight percentage of less than about 15% \yhen measured on a dry, ash free 
basis; and 

producing a mixture from the formation. 



1806. The method of claim 1805, wherein the.one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at least some hydrocarbon/ within the selected section of the 

/ 



formation. 



1807. The method of claim 1805, further comprising maintaining a temperature within 
the selected section within a pyrolysis temperature range. 



1808. The method of claim 1805, wherein the one or more heat sources comprise 
electrical heaters. 



1809. The method of claim 1805, ^herein the one or more heat sources comprise 
surface burners. 



1810. The method of claim 1805 J wherein the one or more heat sources comprise 
flameless distributed combustors. 



1811. The method of claim 180p, wherein the one or more heat sources comprise natural 
distributed combustors. 



1812. The method of claim 1S05, further comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a/function of temperature, or the temperature is controlled as 
a function of pressure. 
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1813. The method of claim 1805, further comprising controlling the heat such that an 
average heating rate of the selected section is less than about 1 °C per day during 
pyrolysis. 



1814. The method of claim 1 805 , wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (V) of the hydj^carbon containing formation from the 
one or more heat sources, wherein the formation has an average heat capacity (C v ), and 
wherein the heating pyrolyzes at least some hydrocarbons within the selected volume of 
the formation; and 

wherein heating energy/day provide^ to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 
Pwr = h*V*C v *p B 

wherein Pwr is the heating energ)^day, h is an average heating rate of the 
formation, p B is formation bulk density, apd wherein the heating rate is less than about 10 
°C/day. 



1815. The method of claim 1 805, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 



1816. The method of claim 1 805, wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 



1817. The method of claim 1 805, wperein the produced mixture comprises condensable 
hydrocarbons having an API gravity/of at least about 25°. 



1818. The method of claim 1 805, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about Of. 1 % by weight to about 1 5 % by weight of the 
condensable hydrocarbons are olefins. 
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1819. The method of claim 1805, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of^thene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to afcout 0.15. 



/ r 

1 820. The method of claim 1805, wherein the produced mixture comprises condensable 

/ 

hydrocarbons, and wherein less than about 1 % by ^eight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogei 



1 82 1 . The method of claim 1 805, wherein the/produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 



1822. The method of claim 1805, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 



1823. The method of claim 1805, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 

1824. The method of claim 1805, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 



1825. The method of claim k 805, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 
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1826. The method of claim 1805, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 



1827. The method of claim 1805, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to ^oout 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 



1828. The method of claim 1805, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is le^s than about 80 % by volume of the non- 
condensable component. 



1829. The method of claim 1805, whe/ein the produced mixture comprises ammonia, 
and wherein greater than about 0.05 %/by weight of the produced mixture is ammonia. 



1830. The method of claim 1805, wherein the produced mixture comprises ammonia, 
and wherein the ammonia is used to produce fertilizer. 



1831. The method of claim 1 805, further comprising controlling a pressure within at 
least a majority of the selected sgction of the formation, wherein the controlled pressure 
is at least about 2.0 bar absolute 



1832. The method of claim 1805, further comprising controlling formation conditions to 
produce the mixture, wherein/a partial pressure of H2 within the mixture is greater than 
about 0.5 bar. 



1833. The method of clai] 



is measured when the mixture is at a production well. 



1832, wherein the partial pressure of H2 within the mixture 
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1 834. The method of claim 1 805, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 



/ 



1835. The method of claim 1805. further comprising/Controlling formation conditions 
by recirculating a portion of hydrogen from the mixture into the formation. 

1836. The method of claim 1805, further comprising: 

providing hydrogen (H2) to the heated s/ction to hydrogenate hydrocarbons 
within the section; and 

heating a portion of the section with/ieat from hydrogenation. 



1837. The method of claim 1805, further comprising: 

producing hydrogen and condensable hydrocarbons from the formation; and 
hydrogenating a portion of the/produced condensable hydrocarbons with at least a 

portion of the produced hydrogen. 



1838. The method of claim 1805/ wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 100 
millidarcy. 



1839. The method of claim 1805, wherein allowing the heat to transfer further 
comprises substantially uniformly increasing a permeability of a majority of the selected 
section. 



1840. The method of claim 1805, further comprising controlling the heat to yield greater 
than about 60 % by weigpt of condensable hydrocarbons, as measured by the Fischer 
Assav. 
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1841 . The method of claim 1805, wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at least about/7 heat sources are disposed in 
the formation for each production well. / . 

1842. The method of claim 1805, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wnerein three or more of the heat 
sources are located in the formation in a unit of hvaX sources, and wherein the unit of heat 
sources comprises a triangular pattern. / 

1 843. The method of claim 1 805, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form k repetitive pattern of units. 

1844. A method of treating a hydrocarbon containing formation in situ, comprising: 
providing heat from one or more heat sources to a selected section of the 

formation; / 

allowing the heat to transfer from the one or more heat sources to the selected 
section of the formation to pyrolyze hydrocarbon within the selected section; 

wherein at least some hydrocarbons within the selected section have an initial 
atomic oxygen weight percentage of less than about 15%; and 

producing a mixture from the formation. 

1 845. The method of cjaim 1 844, wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at least some hydrocarbons within the selected section of the 
formation. / 

1846. The method of claim 1 844, further comprising maintaining a temperature within 
the selected section Jwithin a pyrolysis temperature range 
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1847. The method of claim 1 844, wherein the one or mo/e heat sources comprise 
electrical heaters. 



1848. The method of claim 1844, wherein the one/or more heat sources comprise 
surface burners. 



1849. The method of claim 1844, wherein tjae one or more heat sources comprise 
flameless distributed combustors. 



1850. The method of claim 1844, wh^ein the one or more heat sources comprise natural 
distributed combustors. 



1851. The method of claim 1 844/ further comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. 



1 852. The method of claim 1844, further comprising controlling the heat such that an 
average heating rate of the' selected section is less than about 1 °C per day during 
pyrolysis. 



1853. The method of claim 1844, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (F) of the hydrocarbon containing formation from the 
one or more heat sources, wherein the formation has an average heat capacity (C v ), and 
wherein the heating pyrolyzes at least some hydrocarbons within the selected volume of 
the formation; an< 

wherein hfeating energy/day provided to the volume is equal to or less than Pur, 
wherein Pur is calculated by the equation: 
Pwr = hfV*C v *p B 
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wherein Pxvr is the heating energy/day, h is an average heating rate of the 
formation, p B is formation bulk density, and wherein th£ heating rate is less than about 10 
°C/day. 



1854. The method of claim 1844, wherein allowjrig the heat to transfer comprises 
transferring heat substantially by conduction. 



1855. The method of claim 1844, wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater man about 0.5 W/(m °C). 

/ 

1856. The method of claim 1844, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 



1857. The method of claim 1844, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about OA % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 



1858. The method of claim 1844, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 



1859. The method of claim /l 844, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 



1860. The method of claim 1844, wherein the produced mixture comprises condensable 
hydrocarbons, and wherem less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable/hydrocarbons is oxygen. 
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1861. The method of claim 1844. wherein the produced mixture comprises condensable 
hvdrocarbons. and wherein less than about 1 % bv weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 




1862. The method of claim 1844. wherein the produced mixture comprises condensable 



hydrocarbons, wherein about 5 % by weight to^about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 



1863. The method of claim 1844, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater tharr about 20 % by weight of the condensable 
hydrocarbons are aromatic compound/ 



1864. The method of claim 1844,Avherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 



1 865. The method of claim 1 8j44, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes.j 



1 866. The method of claim fl 844, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 



1867. The method of claim 1844, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component and wherein /he hydrogen is less than about 80 % by volume of the non- 
condensable component/ 
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1868. The method of claim 1844, wherein the produced mixture comprises ammonia, 
and wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 



1869. The method of claim 1844, wherein the produced mixture comprises ammonia, 
and wherein the ammonia is used to produce fertilizer. 



1870. The method of claim 1844, further comprising controlling a pressure within at 
least a majority of the selected section of thjb formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. 



1871 . The method of claim 1844, further comprising controlling formation conditions to 
produce the mixture, wherein a partiay pressure of H2 within the mixture is greater than 
about 0.5 bar. 



1 872. The method of claim 1871, /wherein the partial pressure of H2 within the mixture 
is measured when the mixture is at a production well. 



1873. The method of claim 1844, further comprising altering a pressure within the 
formation to inhibit production pf hydrocarbons from the formation having carbon 
numbers greater than about 25.) 



1 874. The method of claim |844, further comprising controlling formation conditions 
by recirculating a portion of hydrogen from the mixture into the formation. 



1 875. The method of claim 1844, further comprising: 

providing hydrogei/ (H2) to the heated section to hydrogenate hydrocarbons 
within the section; and 

heating a portion 6f the section with heat from hydrogenation. 



1 876. The method of claim 1844, further comprising: 

producing hydrogen and condensable hydrocarbons from the formation; and 
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hydrogenating a portion of the produced condensable hydrocarbons with at least a 

/ 

portion of the produced hydrogen. j 



1 877. The method of claim 1 844, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected section t<y greater than about 100 
millidarcy. 

1 878. The method of claim 1 844, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 



1879. The method of claim 1844, further comprisingycontrolling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by the Fischer 
Assay. 



1 880. The method of claim 1 844, wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at/least about 7 heat sources are disposed in 
the formation for each production well. 

1881. The method of claim 1 844, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a myt of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern, j 

j 

1 882. The method of claim 1 844, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular patternJand wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 



1883. A method of treating a hydrocarbon containing formation in situ, comprising; 
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providing heat from one or more heat sources to at least a portion of the 
formation; /' 

allowing the heat to transfer from the one or more heat sources to a selected 
section of the formation; / 

wherein the selected section has been selected formeating using an atomic 
hydrogen to carbon ratio of at least a portion of hydrocarbons in the selected section, 
wherein at least a portion of the hydrocarbons in the selected section comprises an atomic 
hydrogen to carbon ratio greater than about 0.70. and wherein the atomic hydrogen to 
carbon ratio is less than about 1 .65; and / 

producing a mixture from the formation. / 

1884. The method of claim 1883, wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at least some hydrocarbons within the selected section of the 
formation. / 

1 885. The method of claim 1 883, further comprising maintaining a temperature within 
the selected section within a pyrolysis temperature range. 

1886. The method of claim 1883, wherein/the one or more heat sources comprise 
electrical heaters. / 

1887. The method of claim 1883, whereip the one or more heat sources comprise 
surface burners. / 

1888. The method of claim 1883, whei/ein the one or more heat sources comprise 
flameless distributed combustors. 

1889. The method of claim 1883, w 
distributed combustors. 



*ein the one or more heat sources comprise natural 
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1890. The method of claim 1883, further comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. 



1891. The method of claim 1883, further comprising controlling the heat such that an 
average heating rate of the selected section is less than about 1 ]C per day during 
pyrolysis. 



1892. The method of claim 1883, wherein providing heat frpm the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (V) of the hydrocarbon containing formation from the 

one or more heat sources, wherein the formation has an av<erage heat capacity (C v ), and 

/ 

wherein the heating pyrolyzes at least some hydrocarbon^ within the selected volume of 
the formation; and / 

wherein heating energy/day provided to the volume is equal to or less than Pwr. 
wherein Pwr is calculated by the equation: j 

Pwr = h*V*C v *p B j 

wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, p B is formation bulk density, and wherein/the heating rate is less than about 10 

°C/day. 

/ 
* 

1893. The method of claim 1883, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. j 

i 

i 

1894. The method of claim 1883, wherein providing heat from the one or more heat 
sources comprises heating the selected section $uch that a thermal conductivity of at least 
a portion of the selected section is greater than/about 0.5 W/(m °C). 



1895. The method of claim 1883, wherein tme produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 
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1896. The method of claim 1883, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to abo ; /t 15 % by weight of the 
condensable hydrocarbons are olefins. 



1897. The method of claim 1883, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar rawo of ethene to ethane in the non- 
condensable hydrocarbons ranges from about O.Oyl to about 0.15. 



10 1898. The method of claim 1883, wherein th^produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 



1899. The method of claim 1883, wherein the produced mixture comprises condensable 
15 hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 

basis, of the condensable hydrocarbons is oxygen. 

1900. The method of claim 1883, Wnerein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 

20 basis, of the condensable hydrocaroons is sulfur. 



1 901 . The method of claim 1 883f, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen. 
25 containing compounds comprise phenols. 



1902. The method of claim 1883, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 
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1903. The method of claim 1883, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 



1904. The method of claim 1883, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % Ijy weight of the condensable 
hydrocarbons are asphaltenes. 



1905. The method of claim 1883, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by wemht to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 



1906. The method of claim 1 883, wherein the produced mixture comprises a non- 
condensable component, wherein the njn-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. 



1907. The method of claim 1 883, .Wherein the produced mixture comprises ammonia, 
and wherein greater than about 0.0b % by weight of the produced mixture is ammonia. 



1908. The method of claim 18831 wherein the produced mixture comprises ammonia, 
and wherein the ammonia is used/ to produce fertilizer. 



25 



1909. The method of claim 1883, further comprising controlling a pressure within at 
least a majority of the selected section of the formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. 



30 



1910. The method of claim 1J883, further comprising controlling formation conditions to 
produce the mixture, wherein/a partial pressure of H2 within the mixture is greater than 
about 0.5 bar. 
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1911. The method of claim 1910, wherein the partial pressure of H2 within the mixture 

/ 

is measured when the mixture is at a production welj 

\ 

1912. The method of claim 1 883, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbon^ from the formation having carbon 
numbers greater than about 25. 



1913. The method of claim 1883, further comprising controlling formation conditions 
by recirculating a portion of hydrogen from the mixture into the formation. 



1914. The method of claim 1883, further comprising: 

providing hydrogen (H2) to th^ heated section to hydrogenate hydrocarbons 
within the section; and 

heating a portion of the secti'on with heat from hydrogenation. 



1915. The method of claim 1883, further comprising: 

producing hydrogen and condensable hydrocarbons from the formation; and 
hydrogenating a portion/of the produced condensable hydrocarbons with at least a 

portion of the produced hydrogen. 



1916. The method of claim y883, wherein allowing the heat to transfer comprises 
increasing a permeability of ^ majority of the selected section to greater than about 100 
millidarcy. 



1917. The method of claim 1883, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 



1918. The method of claim 1883, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by the Fischer 
Assay. 
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1919. The method of claim 1883, wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at least abou/7 heat sources are disposed in 
the formation for each production well. 



1920. The method of claim 1 883, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of hea/ sources, and wherein the unit of heat 
sources comprises a triangular pattern. 



1 92 1 . The method of claim 1 883, further comprising providing heat from three or more 
heat sources to at least a portion of the format/on, wherein three or more of the heat 
sources are located in the formation in a unit/of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

1922. A method of treating a hydrocarbon containing formation in situ, comprising: 
providing heat from one or movJ heat sources to a selected section of the 

formation; 

allowing the heat to transfer fr6m the one or more heat sources to the selected 
section of the formation to pyrolyze Hydrocarbons within the selected section; 

wherein at least some hydrocarbons within the selected section have an initial 
atomic hydrogen to carbon ratio greater than about 0.70; 

wherein the initial atomic hydrogen to carbon ration is less than about 1.65; and 

producing a mixture from jfhe formation. 

/ 

1923. The method of claim 192£, wherein the one or more heat sources comprise at 
least two heat sources, and whejfein superposition of heat from at least the two heat 
sources pyrolyzes at least somg hydrocarbons within the selected section of the 
formation. 
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1924. The method of claim 1922, further comprising maintaining a temperature within 
the selected section within a pyrolysis temperature range. 



1925. The method of claim 1922, wherein the one or mor/t heat sources comprise 
electrical heaters. 



1926. The method of claim 1922, wherein the one o/ more heat sources comprise 
surface burners. 



1927. The method of claim 1922, wherein theyone or more heat sources comprise 
flameless distributed combustors. 



1928. The method of claim 1922, wherejn the one or more heat sources comprise natural 
distributed combustors. 



1929. The method of claim 1922, further comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a funcpon of temperature, or the temperature is controlled as 
a function of pressure. 



1930. The method of claim 1^22, further comprising controlling the heat such that an 
average heating rate of the selected section is less than about 1 °C per day during 
pyrolysis. 



1931. The method of claim 1922, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected ivolume (V) of the hydrocarbon containing formation from the 
one or more heat sources/ wherein the formation has an average heat capacity ...(CV). and 
wherein the heating pyrplyzes at least some hydrocarbons within the selected volume of 
the formation; and 
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wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 
Pwr = h*V*C v *p B 

wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation. p B is formation bulk density, and wherein th^heating rate is less than about 10 
°C/day. 



1932. The method of claim 1922, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 



1933. The method of claim 1922, wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater/than about 0.5 W/(m °C). 

1934. The method of claim 1922, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity yof at least about 25°. 



1935. The method of claim 1922/ wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about? 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 



1936. The method of claim 1/922, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 



1937. The method of claim 1922, wherein the produced mixture comprises condensable 
hydrocarbons, and wherep less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 
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1938. The method of claim 1922, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 



1939. The method of claim 1922, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. / 

1940. The method of claim 1922, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight/to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing/compounds, and wherein the oxygen 
containing compounds comprise phenols* 

1941 . The method of claim 1922, wnerein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 

1942. The method of claim 19Z2, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi/ring aromatics with more than two rings. 

1943. The method of claim/1922, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenJes. 



1944. The method of claim 1922, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 

1945. The method of claim 1922, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 



basis, of the condensable hydrocarbons is oxygen. 
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wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. / 

/ 

1946. The method of claim 1922, wherein t^e produced mixture comprises ammonia, 
and wherein greater than about 0.05 % by height of the produced mixture is ammonia. 



1947. The method of claim 1922, wherein the produced mixture comprises ammonia, 
and wherein the ammonia is used to produce fertilizer. 



1948. The method of claim 1922/further comprising controlling a pressure within at 
least a majority of the selected section of the formation, wherein the controlled pressure 
is at least about 2.0 bar absolute 



1949. The method of claim A 922, further comprising controlling formation conditions to 
produce the mixture, wherein a partial pressure of H2 within the mixture is greater than 
about 0.5 bar. 



1950. The method of cl^im 1949, wherein the partial pressure of H2 within the mixture 
is measured when the n^ixture is at a production well. 

195 1 . The method of claim 1922, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 



1952. The method <m claim 1922. further comprising controlling formation conditions 
by recirculating a portion of hydrogen from the mixture into the formation. 



1953. The method 
providing h; 



of claim 1922, further comprising: 

drogen (H2) to the heated section to hydrogenate hydrocarbons 



within the section; and 
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heating a portion of the section with heat from hydrogenation. 



1 954. The method of claim 1 922, further comprising: 

I 

producing hydrogen and condensable hydrocarbons from the formation; and 
hydrogenating a portion of the produced cijmdensable hydrocarbons with at least a 
portion of the produced hydrogen. 



1955. The method of claim 1922, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of tjie selected section to greater than about 100 
millidarcy. 



1956. The method of claim 1922, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a/permeability of a majority of the selected section. 



1957. The method of claim 1922, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by the Fischer 
Assay. 



1958. The method of claim 1922, wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for each production well. 



1959. The method ofpaim 1922, further comprising providing heat from three or more 
heat sources to at leasi a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a/triangular pattern. 



1960. The methon of claim 1922, further comprising providing heat from three or more 
heat sources to at/least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
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sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 



1961 . A method of treating a hydrocarbon containing formation in situ, comprising: 
providing heat from one or more heat sources to at least a portion of the 

formation; 

allowing the heat to transfer from th^ one or more heat sources to a selected 
section of the formation; 

wherein the selected section has been selected for heating using an atomic oxygen 
to carbon ratio of at least a portion of hydrocarbons in the selected section, wherein at 
least a portion of the hydrocarbons \u the selected section comprises an atomic oxygen to 
carbon ratio greater than about O.Op, and wherein the atomic oxygen to carbon ratio of at 
least a portion of the hydrocarbons in the selected section is less than about 0.15 and 

producing a mixture from the formation. 

1962. The method of claim / 961 , wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at least /ome hydrocarbons within the selected section of the 
formation. 



1963. The method of elaim 1961, further comprising maintaining a temperature within 
the selected section within a pyrolysis temperature range. 



1964. The method qf claim 1961, wherein the one or more heat sources comprise 
electrical heaters. 



1965. The method of claim 1961, wherein the one or more heat sources comprise 
surface burners. 



1966. The methpd of claim 1961, wherein the one or more heat sources comprise 



flameless distrib 



ated combustors. 
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1967. The method of claim 1961, wherein the one or more heat sources comprise natural 
distributed combustors. / 



1968. The method of claim 1961, further comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. / 

1969. The method of claim 1961, further comprising controlling the heat such that an 
average heating rate of the selected Section is less than about 1 °C per day during 
pyrolysis. / 

1970. The method of claim 1961, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected voLume (V) of the hydrocarbon containing formation from the 
one or more heat sources, wherein the formation has an average heat capacity (C v ), and 
wherein the heating pyrolwes at least some hydrocarbons within the selected volume of 
the formation; and / 

wherein heating Energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 



formation, p B is formation bulk density, and wherein the heating rate is less than about 1 0 



1971. The method /of claim 1961, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 





wherein Pwr is/the heating energy/day, h is an average heating rate of the 



°C/day. 
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1972. The method of claim 1961, wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater th^r( about 0.5 W/(m °C). 

1973. The method of claim 1961 , wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of/at least about 25°. 



1974. The method of claim 1961, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 



1975. The method of claim 1961, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons'ranges from about 0.001 to about 0.15. 



1976. The method of claim 1961, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 



1977. The method of claim 1961, wherein the produced mixture comprises condensable 
hydrocarbons, and/ wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 



1978. The method of claim 1961, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 



1979. The method of claim 1961, wherein the produced mixture comprises condensable 
hydrocarbons' wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 
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1980. The method of claim 1961, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 2Q?/o by weight of the condensable 
hydrocarbons are aromatic compounds. / 



1981. The method of claim 1961, wherein/he produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % bv weight of the condensable 
hydrocarbons comprises multi-ring aronratics with more than two rings. 



1982. The method of claim 1961, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 



1983. The method of claim 1561, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 



1984. The method of claim 1961, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen Is greater than about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. 



1985. The methoa of claim 1961, wherein the produced mixture comprises ammonia, 
and wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 



1986. The method of claim 1961, wherein the produced mixture comprises ammonia, 



and wherein the 



immonia is used to produce fertilizer. 
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1987. The method of claim 1961. further comprising controlling a pressure within at 
least a majority of the selected section of the formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. 



1988. The method of claim 1961, further comprising controlling formation conditions to 
produce the mixture, wherein a partial pressu/e of H2 within the mixture is greater than 
about 0.5 bar. 



1989. The method of claim 1988, wherein the partial pressure of H2 within the mixture 
is measured when the mixture is at a production well. 



1990. The method of claim 1961 , further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 

1 99 1 . The method of claim 1 96 1 , further comprising controlling formation conditions 
by recirculating a portion of hyprogen from the mixture into the formation. 



1992. The method of claim 1P61, further comprising: 

providing hydrogen (^2) to the heated section to hydrogenate hydrocarbons 
within the section; and 

heating a portion of the section with heat from hydrogenation. 



1993. The method of claim 1961, further comprising: 



7 



producing hydrogen and condensable hydrocarbons from the formation; and 
hydrogenating a portion of the produced condensable hydrocarbons with at least a 
portion of the produced hydrogen. 



1994. The method of claim 1961, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 100 
millidarcy. 
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1995. The method of claim 1961, wherein allowing the heat to transfer further 
comprises substantially uniformly increasing a /permeability of a majority of the selected 
section. 



1996. The method of claim 1961, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable/nydrocarbons, as measured by the Fischer 
Assay. 

1997. The method of claim 1961, wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for each production well. 



1998. The method of claim 1961 /further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 



1999. The method of claim V961, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 



2000. A method of treating a hydrocarbon containing formation in situ, comprising 

providing heat frqp one or more heat sources to a selected section of the 
formation; 

allowing the heal to transfer from the one or more heat sources to the selected 
section of the formation to pyrolyze hydrocarbons within the selected section; 

wherein at least/ some hydrocarbons within the selected section have an initial 

■ 

atomic oxygen to carbon ratio greater than about 0.025; 
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wherein the initial atomic oxygen to carbon ratio is less than about 0.15; and 
producing a mixture from the formation. / 



2001 . The method of claim 2000, wherein the oner or more heat sources comprise at 
least two heat sources, and wherein superposition pf heat from at least the two heat 
sources pyrolyzes at least some hydrocarbons wij/hin the selected section of the 
formation. 



2002. The method of claim 2000, further comprising maintaining a temperature within 
the selected section within a pyrolysis temperature range. 



2003. The method of claim 2000, whereiry the one or more heat sources comprise 
electrical heaters. 



2004. The method of claim 2000, whe/ein the one or more heat sources comprise 
surface burners. 



2005. The method of claim 2000, ^herein the one or more heat sources comprise 
flameless distributed combustors. 



2006. The method of claim 20Q0, wherein the one or more heat sources comprise natural 
distributed combustors. 



2007. The method of claim/>000, further comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled 35 a function of temperature, or the temperature is controlled as 
a function of pressure. 

2008. The method of olaim 2000, further comprising controlling the heat such that an 
average heating rate of/the selected section is less than about 1 °C per day during 
pyrolysis. 
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2009. The method of claim 2000, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: / 

heating a selected volume (V) of the hydrocarbon containing formation from the 
one or more heat sources, wherein the formation has an average heat capacity (CV). and 
wherein the heating pyrolyzes at least some hydrocarbons within the selected volume of 
the formation; and / 

wherein heating energy/day provided to the volume is equal to or less than Ait. 
wherein Pwr is calculated by the equation: / 

Pwr = h*V*C v *p B I 

wherein Pwr is the heating energy/dsfy, h is an average heating rate of the 
formation, p B is formation bulk density, ana wherein the heating rate is less than about 10 
°C/day. / 

2010. The method of claim 2000, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 

201 1. The method of claim 2000, wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 

2012. The method of claim 2000, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 

2013. The method of claim 2000, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocapons are olefins. 

2014. The methods of claim 2000, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 
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20 1 5. The method of claim 2000, wherein the produced mixture/comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. / 

2016. The method of claim 2000, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by Wight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. / 

2017. The method of claim 2000, wherein the/produced mixture comprises condensable 
hydrocarbons, and wherein less than about \m by weight, when calculated bn an atomic 
basis, of the condensable hydrocarbons is sulfur. 

201 8. The method of claim 2000, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise^phenols. 

2019. The method of claimy2000, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein/greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 

2020. The method ofyclaim 2000, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 

202 1 . The method of claim 2000, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 
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2022. The method of claim 2000, wherein tme produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by we/ght to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanesi 



2023. The method of claim 2000, whereim the produced mixture comprises a non- 
condensable component, wherein the nonycondensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is/ less than about 80 % by volume of the non- 
condensable component. 



2024. The method of claim 2000, wnerein the produced mixture comprises ammonia, 
and wherein greater than about 0.05 //o by weight of the produced mixture is ammonia. 



2025. The method of claim 2000/ wherein the produced mixture comprises ammonia, 
and wherein the ammonia is used' to produce fertilizer. 



2026. The method of claim 2000, further comprising controlling a pressure within at 
least a majority of the selected'section of the formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. 



2027. The method of clainp 2000, further comprising controlling formation conditions to 
produce the mixture, wherein a partial pressure of IT? within the mixture is greater than 
about 0.5 bar. 



2028. The method of cl'aim 2027, wherein the partial pressure of H? within the mixture 
is measured when the mixture is at a production well. 



2029. The method ofj claim 2000, further comprising altering a pressure within the 



formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 
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2030. The method of claim 2000, further comprising controlling formation conditions 
by recirculating a portion of hydrogen from the mixture into the formation. 



203 1 . The method of claim 2000, further comprising: 

providing hydrogen (H2) to the heated section/o hydrogenate hydrocarbons 
within the section; and 

heating a portion of the section with heat from hydrogenation. 



2032. The method of claim 2000, further comprising: 

producing hydrogen and condensable hydrocarbons from the formation; and 
hydrogenating a portion of the produced condensable hydrocarbons with at least a 

portion of the produced hydrogen. 



2033. The method of claim 2000, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority/of the selected section to greater than about 100 
millidarcy. 



2034. The method of claim 2000,ywherein allowing the heat to transfer further 
comprises substantially uniformly/increasing a permeability of a majority of the selected 
section. 



2035. The method of claim ^000, further comprising controlling the heat to yield greater 
than about 60 % by weight 0/ condensable hydrocarbons, as measured by the Fischer 
Assav. 



2036. The method of claim 2000, wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for each production well. 



2037. The method of claim 2000, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
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sources are located in the formation in a unit of heat sourc.es, and wherein the unit of heat 
sources comprises a triangular pattern. 



2038. The method of claim 2000, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wnerein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 



2039. A method of treating a hydrocarbon/containing formation in situ, comprising: 
providing heat from one or more l^eat sources to at least a portion of the 

formation: 

allowing the heat to transfer fvjSm the one or more heat sources to a selected 
section of the formation; 

wherein the selected section has been selected for heating using a moisture 
content in the selected section, ar^i wherein at least a portion of the selected section 
comprises a moisture content of? less than about 15%; and 

producing a mixture from the formation. 

2040. The method of claim^039, wherein the one or more heat sources comprise at 
least two heat sources, andAvherein superposition of heat from at least the two heat 
sources pyrolyzes at least ^ome hydrocarbons within the selected section of the 
formation. 



2041 . The method of claim 2039, further comprising maintaining a temperature within 
the selected section wi(hin a pyrolysis temperature range. 



2042. The method pf claim 2039, wherein the one or .more heat sources comprise 
electrical heaters. 
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2043. The method of claim 2039, wherein the one or more heat sources comprise 
surface burners. j 

I 

2044. The method of claim 2039, wherein the one or mo/e heat sources comprise 
flameless distributed combustors. 



2045. The method of claim 2039, wherein the one pr more heat sources comprise natural 
distributed combustors. 



2046. The method of claim 2039, further comprising controlling a pressure and a 
temperature within at least a majority of the^/lected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. 



2047. The method of claim 2039, further comprising controlling the heat such that an 
average heating rate of the selected section is less than about 1 °C per day during 
pyrolysis. 



2048. The method of claim 2039, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (V) of the hydrocarbon containing formation from the 
one or more heat sources, wherein the formation has an average heat capacity (C v ), and 
wherein the heating pyrolyze$ at least some hydrocarbons within the selected volume of 
the formation; and 

wherein heating energy/day provided to the volume is equal to or less than Air, 
wherein Pwr is calculatedyoy the equation: 
Ait = h*V*C v *p] 

wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, p B is formation bulk density, and wherein the heating rate is less than about 10 

°C/day. 
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2049. The method of claim 2039, wherein allowing the heat to' transfer comprises 



2050. The method of claim 2039, wherein providing heat from the one or more heat 
sources comprises heating the selected section such tha/a thermal conductivity of at least 
a portion of the selected section is greater than about (3.5 W/(m °C). 

205 1 . The method of claim 2039, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least ar>out 25°. 

2052. The method of claim 2039, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by/weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. / 

2053. The method of claim 2039, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 

2054. The method of claim 202>9, wherein the produced mixture comprises condensable 
hvdrocarbons. and wherein less than about 1 % bv weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 

2055. The method of claim 2039, wherein the produced mixture comprises condensable 
hvdrocarbons. and wherem less than about 1 % by weisht, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 

2056. The method ot/claim 2039, wherein the produced mixture comprises condensable 
hydrocarbons, and wmerein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 



/ 



transferring heat substantially by conduction. 




t 
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2057. The method of claim 2039, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. / ' 

2058. The method of claim 2039, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. / 

2059. The method of claim 2039, wherein me produced mixture comprises condensable 
hydrocarbons, and wherein less than about/5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 



2060. The method of claim 2039, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. / 

2061 . The method of claim 2039,/wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about p % by weight to about 30 % by weight of the 
condensable hydrocarbons are cvcloalkanes. 

2062. The method of claim 20p9, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greatir than about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. / 

2063. The method of claim 2039, wherein the produced mixture comprises ammonia, 
and wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 
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2064. The method of claim 2039, wherein the produced mixture comprises ammonia, 
and wherein the ammonia is used to produce fertilizer. / 

2065. The method of claim 2039, further comprising,controlling a pressure within at 
least a majority of the selected section of the formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. / 

2066. The method of claim 2039, further comprising controlling formation conditions to 
produce the mixture, wherein a partial pressure of H2 within the mixture is greater than 
about 0.5 bar. / 

2067. The method of claim 2066, wherein the partial pressure of H2 within the mixture 
is measured when the mixture is at a p/oduction well. 

2068. The method of claim 2039, Airther comprising altering a pressure within the 
formation to inhibit production omiydrocarbons from the formation having carbon 
numbers greater than about 25. / 

2069. The method of claim 
by recirculating a portion of! 

2070. The method of claim 2039, further comprising: 

providing hydrogen (H2) to the heated section to hydrogenate hydrocarbons 
within the section; and / 

heating a portion of the section with heat from hydrogenation. 

2071 . The method of claim 2039, further comprising: 

producing hydrogen and condensable hydrocarbons from the formation; and 
hydrogenat/ng a portion of the produced condensable hydrocarbons with at least a 
portion of the produced hydrogen. 



!039, further comprising controlling formation conditions 
Lydrogen from the mixture into the formation. 
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2072. The method of claim 2039, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 100 
millidarcv. 



2073. The method of claim 2039, wherein allowing the heat to transfer further 
comprises substantially uniformly increasing a permeability of a majority of the selected 



section. 



2074. The method of claim 2039, further comprising controlling the heat to yield greater 
than . about 60 % by weight of condensable hydrocarbons, as measured by the Fischer 
Assay. 

2075. The method of claim 2039, where/n producing the mixture comprises producing 
the mixture in a production well, and wnerein at least about 7 heat sources are disposed in 
the formation for each production welK 

2076. The method of claim 2039, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

2077. The method of claim 2039, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

2078. A method of treating a hydrocarbon containing formation in situ, comprising: 
providing heat frpm one or more heat sources to a selected section of the 

formation; 
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allowing the heat to transfer from the one or more heat sources to the selected 
section of the formation; 

wherein at least a portion of the selected secticjA has an initial moisture content of 
less than about 1 5%; and 

producing a mixture from the formation. 




2079. The method of claim 2078, wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at least some hydrocarbons within the selected section of the 
formation. 



2080. The method of claim 2078, further comprising maintaining a temperature within 
the selected section within a pyrolysis temperature range. 



208 1 . The method of claim 20^8, wherein the one or more heat sources comprise 
electrical heaters. 



2082. The method of claim 2078. wherein the one or more heat sources comprise 
surface burners. 



2083. The method of claim 2078, wherein the one or more heat sources comprise 
flameless distributed combustors. 



2084. The method of claim 2078, wherein the one or more heat sources comprise natural 
distributed combustors. 



2085. The methyd of claim 2078, further comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. 



5 7 1 Conlew Rose & Tavon. P C. 



2086. The method of claim 2078, further comprising controlling the heat such that an 
average heating rate of the selected section is less man about 1 °C per day during 



pyrolysis. 



/ 



2087. The method of claim 2078, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (V) of themydrocarbon containing formation from the 
one or more heat sources, wherein the formation has an average heat capacity (C v ), and 
wherein the heating pyrolyzes at least soj/ne hydrocarbons within the selected volume of 
the formation; and 

wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 
Pwr = h*V*Cv*p B 

wherein Pwr is the heating jfenergy/day, h is an average heating rate of the 
formation, p B is formation bulk density, and wherein the heating rate is less than about 10 

°C/day. 



2088. The method of claim 2078, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 

2089. The method of claim 2078, wherein providing heat from the one or more heat 
sources comprises heating/the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 



2090. The method of claim 2078, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 



2091 . The method of claim 2078, wherein the produced mixture comprises condensable 
hydrocarbons, and yherein about 0.1 % by weight to about 15 % by weight of the 
condensable hydroaarbons are olefins. 
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2092. The method of claim 2078, wherein the producer mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about O.OOLio about 0.15. 

2093. The method of claim 2078. wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % py weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 

2094. The method of claim 2078, wherein /he produced mixture comprises condensable 
hydrocarbons, and wherein less than about/ 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons isr oxygen. 

2095. The method of claim 2078, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than/about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 

2096. The method of claim 2078, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about y % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 

2097. The method of claim 2078, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weieht of the condensable 

_ . j. 

2098. The method of/claim 2078, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 
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2099. The method of claim 2078, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight>of the condensable 
hydrocarbons are asphaltenes. / 

2100. The method of claim 2078, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to afcout 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. / 

2101. The method of claim 2078, wherein the/produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about/10 % by volume of the non-condensable 
component, and wherein the hydrogen is/less than about 80 % by volume of the non- 
condensable component. / 

2102. The method of claim 2078,/wherein the produced mixture comprises ammonia, 
and wherein greater than about 0/05 % by weight of the produced mixture is ammonia. 

2103. The method of claim 2078, wherein the produced mixture comprises ammonia, 
and wherein the ammonia isfused to produce fertilizer. 

2104. The method of claim 2078, further comprising controlling a pressure within at 
least a majority of the selected section of the formation, wherein the controlled pressure 
is at least about 2.0 ba/ absolute. 

2105. The method of claim 2078, further comprising controlling formation conditions to 
produce the mixture, wherein a partial pressure of H2 within the mixture is greater than 
about 0.5 bar. / 

2 1 06. The method of claim 2105, wherein the partial pressure of H 2 within the mixture 
is measured whin the mixture is at a production well. 



V 
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2107. The method of claim 2078, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 

2108. The method of claim 2078, further comprising controlling formation conditions 
by recirculating a portion of hydrogen from the mimire into the formation. 

2 1 09. The method of claim 2078, further comprising: 
providing hydrogen (H 2 ) to the heated section to hydrogenate hydrocarbons 

within the section; and 

heating a portion of the section with/heat from hydrogenation. 

2110. The method of claim 2078, further comprising: 
producing hydrogen and condensable hydrocarbons from the formation; and 
hydrogenating a portion of thp produced condensable hydrocarbons with at least a 

portion of the produced hydrogen. 

2111. The method of claim 207p, wherein allowing the heat to transfer comprises 
increasing a permeability of a rpajority of the selected section to greater than about 100 
millidarcy. 

2112. The method of clairrf 2078, wherein allowing the heat to transfer further 
comprises substantially uniformly increasing a permeability of a majority of the selected 
section. 



2113. The method of </laim 2078, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by the Fischer 
Assay. 
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2114. The method of claim 2078, wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for each production well. 



2115. The method of claim 2078, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

2116. The method of claim 2078, further comp/ising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit^of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, an^wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

2117. A method of treating a hydrocarbon containing formation in situ, comprising: 
providing heat from one or m/re heat sources to at least a portion of the 

formation; 

allowing the heat to transfer from the one or more heat sources to a selected 
section of the formation; 

wherein the selected section is heated in a reducing environment during at least a 
portion of the time that the selected section is being heated; and 

producing a mixture f/om the formation. 



2118. The method of claim 2117, wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at leas/ some hydrocarbons within the selected section of the 
formation. 



2119. The method of claim 2117, further comprising maintaining a temperature within 
the selected section within a pyrolysis temperature range. 
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2120. The method of claim 2117, wherein the one or more heat sources comprise 



electrical heaters. 




2121. The method of claim 2117, wherein the one or mojre heat sources comprise 
surface burners. 



2122. The method of claim 2117, wherein the ; one or more heat sources comprise 
flameless distributed combustors. 



2123. The method of claim 2117, wherein the one or more heat sources comprise natural 
distributed combustors. 



2 1 24. The method of claim 2117, further comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 

Jtion of 



the pressure is controlled as a fun 
a function of pressure. 




temperature, or the temperature is controlled as 



2125. The method of claim 2117, further comprising controlling the heat such that an 
average heating rate of the selected section is less than about 1 °C per day during 
pyrolysis. 



2 126. The method of claim 2117, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (V) of the hydrocarbon containing formation from the 
one or more heat sources, wherein the formation has an average heat capacity (C v ) ? and 
wherein the heating p^rolyzes at least some hydrocarbons within the selected volume of 
the formation; and 

wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calc/dated by the equation: 
Pwr = h*VfC v *p B 
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wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation. p B is formation bulk density, and wherein the h/ating rate is less than about 10 
°C/dav. 



2127. The method of claim 2117, wherein allowing/he heat to transfer comprises 
transferring heat substantially by conduction. 



2128. The method of claim 2117, wherein providing heat from the one or more heat 
sources comprises heating the selected section/such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 



2 1 29. The method of claim 2117, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of At least about 25°. 



2130. The method of claim 2117, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0:1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 



2131. The method of claim 2 Y 1 7, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 



2132. The method of claim 2117, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable/hydrocarbons is nitrogen. 



2133. The method of claim 2117. wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensaple hydrocarbons is oxygen. 
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2134. The method of claim 2117, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 



2135. The method of claim 2117. wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 



2136. The method of claim 2117, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds/ 



2137. The method of claim 21 17, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 



2138. The method of claim/21 17, wherein the produced mixture comprises condensable 
hydrocarbons, and whereiiyless than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 



2139. The method of claim 2117, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 



2 140. The method/of claim 2117, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydragen is greater than about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. 



Conlev. Rose & Tavon. P.C. 



2141 . The method of claim 2117, wherein the produced mixture comprises ammonia, 
and wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 



2142. The method of claim 2117, wherein the produced rpixture comprises ammonia, 
and wherein the ammonia is used to produce fertilizer. 



2143. The method of claim 2117, further comprising controlling a pressure within at 
least a majority of the selected section of the formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. 



2144. The method of claim 2117, further comprising controlling formation conditions to 
produce the mixture, wherein a partial pressure of H 2 within the mixture is greater than 
about 0.5 bar. 



2145. The method of claim 2 1 44, wherein the partial pressure of H 2 within the mixture 
is measured when the mixture is at a production well. 



2 1 46. The method of claim 2117, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 



2147. The method of claim 21/17, further comprising controlling formation conditions 
by recirculating a portion of hydrogen from the mixture into the formation. 



2148. The method of claim 21 17, further comprising: 

providing hydroger/(H2) to the heated section to hydrogenate hydrocarbons 
within the section; and 

heating a portion/of the section with heat from hydrogenation. 



2 1 49. The method of claim 2117, further comprising: 

Jo 



producing hyd 



gen and condensable hydrocarbons from the formation; and 
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hydrogenating a portion of the produced condensable hydrocarbons with at least a 
portion of the produced hydrogen. / 

2 1 50. The method of claim 2117, wherein allowin^/fhe heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 100 
millidarcv. 



2151. The method of claim 2117, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 



2152. The method of claim 2117, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by the Fischer 
Assay. 



2153. The method of claim 21 17/ wherein producing the mixture comprises producing 
the mixture in a production well/and wherein at least about 7 heat sources are disposed in 
the formation for each production well. 



2154. The method of claim t\ 17, further comprising providing heat from three or more 
heat sources to at least a popon of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 



2155. The method of daim 2117, further comprising providing heat from three or more 
heat sources to at least/a portion of the formation, wherein three or more of the heat 
sources are located in/the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

2156. A method of treating a hydrocarbon containing formation in situ, comprising: 
heating a first section of the formation to produce a mixture from the formation; 
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heating a second section of the formation; and 

t 

recirculating a portion of the produced mixture from t&e first section into the 
second section of the formation to provide a reducing environment within the second 
section of the formation. 



2 157. The method of claim 2156, further comprisina/maintaining a temperature within 
the first section or the second section within a pyrolysis temperature range. 



2 1 58. The method of claim 2156, wherein heatjtig the first or the second section 
comprises heating with an electrical heater. 

2159. The method of claim 2156, whereiiVheating the first or the second section 
comprises heating with a surface burner. 

2 1 60. The method of claim 2156, wherein heating the first or the second section 
comprises heating with a flameless d/stributed combustor. 

2161. The method of claim 2 1 56/ wherein heating the first or the second section 
comprises heating with a natural/distributed combustor. 

2 1 62. The method of claim 2/156, further comprising controlling a pressure and a 
temperature within at least aymajority of the first or second section of the formation, 
wherein the pressure is controlled as a function of temperature, or the temperature is 
controlled as a function ofipressure. 



2 1 63. The method of claim 2156, further comprising controlling the heat such that an 
average heating rate of /he first or the second section is less than about 1 °C per day 
during pyrolysis. 

2 1 64. The method ojf claim 2156, wherein heating the first or the second section 
comprises: 
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heating a selected volume (F) of the hydrocarbon containing formation from one 
or more heat sources, wherein the formation has an average heat capacity (C v ), and 

/ 

wherein the heating pyrolyzes at least some hydrocarbons within the selected volume of 
the formation; and / 

wherein heating energy/day provided to the voLume is equal to or less than Avr, 
wherein Pwr is calculated by the equation: / 

Pwr = /**F*C v *Pa / 

wherein Pwr is the heating energy/day, Ms an average heating rate of the 
formation, p B is formation bulk density, and wtferein the heating rate is less than about 10 
°C/day. / 

2165. The method of claim 2156, wherein heating the first or the second section 
comprises transferring heat substantially by conduction. 

2166. The method of claim 2 156, Mierein heating the first or the second section 
comprises heating the first or the /econd section such that a thermal conductivity of at 
least a portion of the first or the second section is greater than about 0.5 W/(m °C). 

2167. The method of claim 2156, wherein the produced mixture comprises condensable 
hydrocarbons having an APy gravity of at least about 25°. 

2168. The method of claim 2156, wherein the produced mixture comprises condensable 
hydrocarbons, and where/n about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 

2169. The method ooclaim 2156, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 
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2170. The method of claim 2156, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 



5 2171. The method of claim 2156, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about l/% by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 

2172. The method of claim 2156, wherein the produced mixture comprises condensable 
10 hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 

basis, of the condensable hydrocarbons is sulfur. 

2173. The method of claim 2 1 5t>, wherein the produced mixture comprises condensable 



hydrocarbons, wherein about J% by weight to about 30 % by weight of the condensable 
15 hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
%H containing compounds comprise phenols. 



W 2 1 74. The method of claim 2156, wherein the produced mixture comprises condensable 

hydrocarbons, and whe^in greater than about 20 % by weight of the condensable 
20 hydrocarbons are aromatic compounds. 



2175. The method.of claim 2156, wherein the produced mixture comprises condensable 
hydrocarbons, and /wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 



2 1 76. The memod of claim 2156, wherein the produced mixture comprises condensable 
hydrocarbons,/and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 
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2177. The method of claim 2156, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to dbjul 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 

I 

2178. The method of claim 2 1 56, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about I0?/o by volume of the non-condensable 
component, and wherein the hydrogen is les^'than about 80 % by volume of the non- 
condensable component. 



2 1 79. The method of claim 2156, wherein the produced mixture comprises ammonia, 
and wherein greater than about 0.05 °//by weight of the produced mixture is ammonia. 



2180. The method of claim 2 1 56, Avherein the produced mixture comprises ammonia, 
and wherein the ammonia is used/o produce fertilizer. 



2181. The method of claim 2 lp6, further comprising controlling a pressure within at 
least a majority of the first or second section of the formation, wherein the controlled 
pressure is at least about 2.0 bar absolute. 



2182. The method of claim 2156, further comprising controlling formation conditions to 
produce the mixture, whe/ein a partial pressure of H2 within the mixture is greater than 
about 0.5 bar. 



2183. The method of/claim 2182, wherein the partial pressure of H 2 within the mixture 
is measured when th© mixture is at a production well. 

2184. The method/of claim 2156, further comprising altering a pressure within the 
formation to inhibjt production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 
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2185. The method of claim 2 1 56, further comprising: 

providing hydrogen (H 2 ) to the first or second section to hydrogenate 
hydrocarbons within the first or second section; and 

heating a portion of the first or second sectionAvith heat from hydrogenation. 



2 1 86. The method of claim 2156, further compris/ng: 
producing hydrogen and condensable hydrocarbons from the formation; and 
hydrogenating a portion of the producedycondensable hydrocarbons with at least a 

portion of the produced hydrogen. 

2187. The method of claim 2156, wherein/heating the first or the second section 
comprises increasing a permeability of a rjiajority of the first or the second section to 
greater than about 100 millidarcy. 

21 88. The method of claim 21 56. wherein heating the first or the second section 
comprises substantially uniformly increasing a permeability of a majority of the first or 
the second section. 



2 1 89. The method of claim 2 1 5S, further comprising controlling the heat to yield greater 
than about 60 % by weight of cqhdensable hydrocarbons, as measured by the Fischer 
Assay. 



2 1 90. The method of clairry2 156, wherein producing the mixture comprises producing 
the mixture in a production/ well, and wherein at least about 7 heat sources are disposed in 
the formation for each production well. 

2191. The method of dfaim 2 1 56 5 further comprising providing heat from three or more 
heat sources to at least/a portion of the formation, wherein three or more of the heat 
sources are located in/the formation in a unit of heat sources, and wherein the unit of heat 
source? comprises a triangular pattern. 
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2192. The method of claim 2156, further comprising^roviding heat from three or more 

heat sources to at least a portion of the formation, wherein three or more of the heat 

/ f 

/ t 

sources are located in the formation in a unit of heat/sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 



2193. A method of treating a hydrocarbon containing formation in situ, comprising: 

providing heat from one or more he/t sources to at least a portion of the 
formation; and 

allowing the heat to transfer froryf the one or more heat sources to a selected 
section of the formation such that a pepieability of at least a portion of the selected 
section increases to greater than about 100 millidarcy. 



2194. The method of claim 2193( wherein the one or more heat sources comprise at 
least two heat sources, and wheyein superposition of heat from at least the two heat 
sources pyrolyzes at least some hydrocarbons within the selected section of the 
formation. 



2195. The method of claim 2193, further comprising maintaining a temperature within 
the selected section within a pyrolysis temperature range. 



2196. The method of qlaim 2193, wherein the one or more heat sources comprise 
electrical heaters. 



2197. The method of claim 2 1 93, wherein the one or more heat sources comprise 
surface burners. 



2198. The method |of claim 2 1 93, wherein the one or more heat sources comprise 
flameless distributed combustors. 
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2199. The method of claim 2193, wherein the one or pore heat sources comprise natural 
distributed combustors. 



2200. The method of claim 2 1 93. further comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. 



2201. The method of claim 2193, further comprising controlling the heat such that an 
average heating rate of the selected section i/ less than about 1 °C per day during 
pyrolysis. 

2202. The method of claim 2193, wherein providing heat from the one or more heat 
sources to at least the portion of format/on comprises: 

heating a selected volume (F) ©f the hydrocarbon containing formation from the 
one or more heat sources, wherein the formation has an average heat capacity (C v ), and 
wherein the heating pyrolyzes at leapt some hydrocarbons within the selected volume of 
the formation; and 

wherein heating energy/day provided to the volume is equal to or less than Pwr. 
wherein Pwr is calculated by the /equation: 
Pwr = h*V*C v *p B 

wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, p B is formation buljc density, and wherein the heating rate is less than about 10 
°C/dav. 



2203. The method of claim 2193, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 



2204. The method of claim 2193, wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 
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2205. The method of claim 2193, further comprisingroroducing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons having an 
API gravity of at least about 25°. 



2206. The method of claim 2193, further comprising producing a mixture from the 
formation, wherein the produced mixture composes condensable hydrocarbons, and 
wherein about 0.1 % by weight to about 15 % py weight of the condensable hydrocarbons 
are olefins. 



2207. The method of claim 2193, further comprising producing a mixture from the 
formation, wherein the produced mixture/comprises non-condensable hydrocarbons, and 
wherein a molar ratio of ethene to ethane in the non-condensable hydrocarbons ranges 
from about 0.001 to about 0.15. 



2208. The method of claim 2193, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 1 % by weight, when calculated on an atomic basis, of the 
condensable hydrocarbons is nitrogen. 



2209. The method of claim 2193, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 1 % by weight, when calculated on an atomic basis, of the 
condensable hydrocarbons is/oxygen. 



2210. The method of claim 2193, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 1 % bv weisht. when calculated on an atomic basis, of the 
condensable hydrocarbons is sulfur. 



10 
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2211. The method of claim 2 1 93, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, wherein 
about 5 % by weight to about 30 % by weight of the condensable hydrocarbons comprise 
oxygen containing compounds, and wherein the oxygen containing compounds comprise 
phenols. 

22 1 2. The method of claim 2 1 93, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein greater than about 20 % by weight 91 the condensable hydrocarbons are aromatic 
compounds. 



2213. The method of claim 2193, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 5 % by weight of the condensable hydrocarbons comprises multi- 
ring aromatics with more than twoyKngs. 

22 14. The method of claim 2 193, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 0.3 °/</by weight of the condensable hydrocarbons are 
asphaltenes. 

2215. The method of claim 2193, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein about 5 % by w/bight to about 30 % by weight of the condensable hydrocarbons 
are cvcloalkanes. 



2216. The method of claim 2193, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises a non-condensable component, 
wherein the non-comdensable component comprises hydrogen, wherein the hydrogen is 
greater than about 10 % by volume of the non-condensable component, and wherein the 



hydrogen is less tl 



an about 80 % by volume of the non-condensable component. 
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22 1 7. The method of claim 2 193, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises ammonia, and wherein greater than 
about 0.05 % by weight of the produced mixture is sunmonia. 

2218. The method of claim 2193, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises ammonia, and wherein the ammonia 
is used to produce fertilizer. / 

2219. The method of claim 2193, furthe/ comprising controlling a pressure within at 
least a majority of the selected section ok the formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. / 

2220. The method of claim 2 193, yrurther comprising controlling formation conditions to 
produce a mixture from the formation, wherein a partial pressure of H2 within the mixture 
is greater than about 0.5 bar. / 

222 1 . The method of claim 2220, further comprising producing a mixture from the 
formation, wherein the partial pressure of H2 within the mixture is measured when the 
mixture is at a production well. 

2222. The method of claim 2193, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than apout 25. 

2223. The method or claim 2193, further comprising producing a mixture from the 
formation and controlling formation conditions by recirculating a portion of hydrogen 
from the mixture imto the formation. 

2224. The method of claim 2193, further comprising: 
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providing hydrogen (H2) to the heated section to hydrogenate hydrocarbons 
within the section; and / 

heating a portion of the section with heat from^iydro^nation. 

2225. The method of claim 2193, further comprising: 

producing hydrogen and condensable hydrocarbons from the formation; and 
hydrogenating a portion of the produced Condensable hydrocarbons with at least a 
portion of the produced hydrogen. / 

2226. The method of claim 2193, further comprising increasing a permeability of a 
majority of the selected section to greateryxhan about 5 Darcy. 

2227. The method of claim 2193, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 

2228. The method of claim 2193/further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by the Fischer 
Assay. / 

2229. The method of claim 2103, further comprising producing a mixture in a 
production well, wherein at least about 7 heat sources are disposed in the formation for 
each production well. / 

2230. The method of claim/2193, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

2231. The method of claim 2193, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
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sources comprises a triangular pattern, and wherein a iflurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

2232. A method of treating a hydrocarbon containing formation in situ, comprising: 

providing heat from one or more heat scjurces to at least a portion of the 
formation; and 

allowing the heat to transfer from they one or more heat sources to a selected 
section of the formation such that a permeability of a majority of at least a portion of the 
selected section increases substantially uniformly. 



2233. The method of claim 2232, wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at least some hydrocarbons within the selected section of the 
formation. 



2234. The method of claim 2282, further comprising maintaining a temperature within 
the selected section within a nyrolysis temperature range. 



2235. The method of claiijfi 2232, wherein the one or more heat sources comprise 
electrical heaters. 



2236. The method of (claim 2232, wherein the one or more heat sources comprise 
surface burners. 



2237. The methoa of claim 2232, wherein the one or more heat sources comprise 
flameless distributed combustors. 



2238. The method of claim 2232, wherein the one or more heat sources comprise natural 
distributed combustors. 
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2239. The method of claim 2232, further comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature/ or the temperature is controlled as 
a function of pressure. / 

2240. The method of claim 2232, further comprising controlling the heat such that an 
average heating rate of the selected section is less than about 1 °C per day during 
pyrolysis. / 

2241 . The method of claim 2232, wherein providing heat from the one or more heat 
sources to at least the portion of formaticm comprises: 

heating a selected volume (V) of the hydrocarbon containing formation from the 
one or more heat sources, wherein th^ formation has an average heat capacity (C v ), and 
wherein the heating pyrolyzes at least some hydrocarbons within the selected volume of 
the formation; and / 

wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 

Pwr = /?*F*C v *Ps / 

wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation. p B is formation hmlk density, and wherein the heating rate is less than about 10 
°C/day. / 

2242. The method of claim 2232, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 

2243. The method p{ claim 2232, wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 
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2244. The method of claim 2232, further comprising producing/a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons having an 
API gravity of at least about 25°. / 

2245. The method of claim 2232, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein about 0.1 % by weight to about 15 % by weighf of the condensable hydrocarbons 
are olefins. / 

2246. The method of claim 2232, further compris/ng producing a mixture from the 
formation, wherein the produced mixture comprises non-condensable hydrocarbons, and 
wherein a molar ratio of ethene to ethane in the Aon-condensable hydrocarbons ranges 
from about 0.001 to about 0.15. / 

2247. The method of claim 2232, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 1 % by weight, when calculated on an atomic basis, of the 
condensable hydrocarbons is nitrogen. / 

2248. The method of claim 2232, farther comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 1 % by weight, when calculated on an atomic basis, of the 
condensable hydrocarbons is oxyaen. 

2249. The method of claim 2232, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 1 °/J by weight, when calculated on an atomic basis, of the 
condensable hydrocarbonsfis sulfur. 

2250. The method of claim 2232, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, wherein 
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about 5 % by weight to about 30 % by weight of the condensa/le hydrocarbons comprise 
oxygen containing compounds, and wherein the oxygen containing compounds comprise 
phenols. 

225 1 . The method of claim 2232, further comprising p/oducing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein greater than about 20 % by weight of the condensable hydrocarbons are aromatic 
compounds. 

2252. The method of claim 2232, further comprising producing a mixture from the 
formation, wherein the produced mixture conrprises condensable hydrocarbons, and 
wherein less than about 5 % by weight of th/ condensable hydrocarbons comprises multi- 
ring aromatics with more than two rings. 

2253. The method of claim 2232, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 0.3 % by weight of the condensable hydrocarbons are 
asphaltenes. 

2254. The method of claim 223Z further comprising producing a mixture from the 
formation, wherein the producea mixture comprises condensable hydrocarbons, and 
wherein about 5 % by weight tp about 30 % by weight of the condensable hydrocarbons 
are cvcloalkanes. 



2255. The method of claim 2232, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises a non-condensable component, 
wherein the non-condensable component comprises hydrogen, wherein the hydrogen is 
greater than about 10 °/f by volume of the non-condensable component, and wherein the 
hydrogen is less than about 80 % by volume of the non-condensable component. 
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2256. The method of claim 2232, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises ammonia, and wherein greater than 
about 0.05 % by weight of the produced mixture is ammonia. 




2257. The method of claim 2232, further comprising producing a mixture from the 
formation, wherein the produced mixture compri/es ammonia, and wherein the ammonia 
is used to produce fertilizer. 



2258. The method of claim 2232, further comprising controlling a pressure within at 
least a majority of the selected section of tfye formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. 



2259. The method of claim 2232, further comprising controlling formation conditions to 
produce a mixture from the formation/ wherein a partial pressure of H2 within the mixture 
is greater than about 0.5 bar. 



2260. The method of claim 2232,/further comprising producing a mixture from the 
formation, wherein the partial pressure of H2 within the mixture is measured when the 
mixture is at a production well. 



2261 . The method of claim 2282, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 



2262. The method of claim 2232, further comprising producing a mixture from the 
formation and controlling formation conditions by recirculating a portion of hydrogen 
from the mixture into the formation. 



2263. The method of claim 2232, further comprising: 

providing hydrogen (H2) to the heated section to hydrogenate hydrocarbons 
within the section; and] 
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heating a portion of the section with heat from hytirogenation. 



2264. The method of claim 2232, further comprising^ 
producing hydrogen and condensable hydrocarbons from the formation; and 
hydrogenating a portion of the produced condensable hydrocarbons with at least a 

portion of the produced hydrogen. 

2265. The method of claim 2232, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the ^elected section to greater than about 100 
millidarcy. 

2266. The method of claim 2232, furtheycomprising controlling the heat to yield greater 
than about 60 % by weight of condensab/e hydrocarbons, as measured by the Fischer 
Assay. 

2267. The method of claim 2232, fqnher comprising producing a mixture in a 
production well, wherein at least ab^ut 7 heat sources are disposed in the formation for 
each production well. 

2268. The method of claim 223i, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

2269. The method of claim 2232, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the format/on to form a repetitive pattern of units. 



2270. A method of treating a hydrocarbon containing formation in situ, comprising: 



v 
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providing heat from one or more heat sources to at/least a portion of the 
formation; and / 

allowing the heat to transfer from the one or more heat sources to a selected 
section of the formation such that a porosity of a majo/ity of at least a portion of the 
selected section increases substantially uniformly. / 

2271 . The method of claim 2270, wherein the one^or more heat sources comprise at 
least two heat sources, and wherein superposition, of heat from at least the two heat 
sources pyrolyzes at least some hydrocarbons within the selected section of the 
formation. / 

2272. The method of claim 2270, further comprising maintaining a temperature within 
the selected section within a pyrolysis temperature range. 

2273. The method of claim 2270, wherem the one or more heat sources comprise 
electrical heaters. / 

2274. The method of claim 2270, wherein the one or more heat sources comprise 
surface burners. / 

2275. The method of claim 2270, wnerein the one or more heat sources comprise 
flameless distributed combustors. / 

2276. The method of claim 2270,/wherein the one or more heat sources comprise natural 
distributed combustors. / 

2277. The method of claim 22/0, further comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. / 
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2278. The method of claim 2270, further comprising controlling the heat such that an 
average heating rate of the selected section is less tha^ about 1 °C per day during 
pyrolysis. 

2279. The method of claim 2270, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume {V) of the hydrocarbon containing formation from the 
one or more heat sources, wherein the formation has an average heat capacity (C v ), and 
wherein the heating pyrolyzes at least some/hydrocarbons within the selected volume of 
the formation; and / 

wherein heating energy/day prov/ded to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equatj(m: 

Pwr = h*V*C v *p B 

wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, p B is formation bulk deq/ity, and wherein the heating rate is less than about 1 0 
°C/day. 




2280. The method of claim 2^70, wherein allowing the heat to transfer comprises 
transferring heat substantiallj/by conduction. 



228 1 . The method of claim 2270, wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 

2282. The method of claim 2270, further comprising producing a mixture from the 
formation, whereirythe produced mixture comprises condensable hydrocarbons having an 
API gravity of at least about 25°. 



2283. The method of claim 2270, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
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wherein about 0.1 % by weight to about 15 % by weight of/the condensable hydrocarbons 
are olefins. / * 

2284. The method of claim 2270, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises non-condensable hydrocarbons, and 
wherein a molar ratio of ethene to ethane in the non-Gondensable hydrocarbons ranges 
from about 0.001 to about 0.15. / 

2285. The method of claim 2270, further composing producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 1 % by weight, when calculated on an atomic basis, of the 
condensable hydrocarbons is nitrogen. / 

2286. The method of claim 2270, furthe/ comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 1 % by weighu when calculated on an atomic basis, of the 
condensable hydrocarbons is oxygen/ 

2287. The method of claim 2270,tfiirther comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 1 % by weight, when calculated on an atomic basis, of the 
condensable hvdrocarbons is sulfur. 

2288. The method of clainy2270, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, wherein 
about 5 % by weight to about 30 % by weight of the condensable hydrocarbons comprise 
oxygen containing compounds, and wherein the oxygen containing compounds comprise 
phenols. / 

2289. The method or claim 2270, further comprising producing a mixture from the 
formation, wherein tfte produced mixture comprises condensable hydrocarbons, and 
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wherein greater than about 20 % by weight of the condensable hydrocarbons are aromatic 
compounds. 

2290. The method of claim 2270, further comprising nroducing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 5 % by weight of the condensable hydrocarbons comprises multi 
ring aromatics with more than two rings. 

2291 . The method of claim 2270, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 0.3 % by weight of^the condensable hydrocarbons ate 
asphaltenes. 

2292. The method of claim 2270, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein about 5 % by weight to ab9Ut 30 % by weight of the condensable hydrocarbons 
are cycloalkanes. 



2293. The method of claim 22/70, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises a non-condensable component, 
wherein the non-condensable component comprises hydrogen, wherein the hydrogen is 
greater than about 10 % b^olume of the non-condensable component, and wherein the 
hydrogen is less than about 80 % by volume of the non-condensable component. 



2294. The method of claim 2270, further comprising producing a mixture from the 
formation, wherein the^produced mixture comprises ammonia, and wherein greater than 
about 0.05 % by weight of the produced mixture is ammonia. 



2295. The method/of claim 2270, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises ammonia, and wherein the ammonia 
is used to produce/fertilizer. 
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2296. The method of claim 2270, further comprising controlling a pressure within at 
least a majority of the selected section of the formation, v^nerein the controlled pressure 
is at least about 2.0 bar absolute. 



2297. The method of claim 2270, further comprising controlling formation conditions to 
produce a mixture from the formation, wherein a/partial pressure of H2 within the mixture 



is greater than about 0.5 bar. 



2298. The method of claim 2270, further comprising producing a mixture from the 
formation, wherein the partial pressure ofjtii within the mixture is measured when the 
mixture is at a production well. 



2299. The method of claim 2270, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 



numbers greater than about 25. 



2300. The method of claim 22^0, further comprising producing a mixture from the 
formation and controlling formation conditions by recirculating a portion of hydrogen 
from the mixture into the formation. 



2301 . The method of claim 2270, further comprising: 

providing hydroggn (H2) to the heated section to hydrogenate hydrocarbons 
within the section; and 

heating a portiorf of the section with heat from hydrogenation. 



2302. The method of claim 2270, further comprising: 

producing hyirogen and condensable hydrocarbons from the formation; and 
hydrogenating a portion of the produced condensable hydrocarbons with at least a 

portion of the produced hydrogen. 
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2303. The method of claim 2270, wherein allowing theyheat to transfer comprises 

increasing a permeability of a majority of the selected section to greater than about 100 

/ > 

millidarcy. / * 



2304. The method of claim 2270, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 



10 



2305. The method of claim 2270, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by the Fischer 
Assay. 



15 



20 



2306. The method of claim 2270, further comprising producing a mixture in a 
production well, and wherein at leasy about 7 heat sources are disposed in the formation 
for each production well. 



2307. The method of claim 2270, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 



25 



2308. The method of claim 2270, further comprising providing heat from three or more 
heat sources to at least a/p or ti° n of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a t/iangular pattern, and wherein a plurality of the units are repeated 
over an area of the fprmation to form a repetitive pattern of units. 



30 



2309. A method/of treating a hydrocarbon containing formation in situ, comprising: 

providing heat from one or more heat sources to at least a portion of the 
formation; 

allowing the heat to transfer from the one or more heat sources to a selected 
section of the formation; and 
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controlling the heat to yield at least about 1 5 % by weight of a total organic 
carbon content of at least some of the hydrocarbon con/aining formation into condensable 
hydrocarbons. 



23 1 0. The method of claim 2309, wherein the one/or more heat sources comprise at 
least two heat sources, and wherein superpositions) f heat from at least the two heat 
sources pyrolyzes at least some hydrocarbons wjthin the selected section of the 
formation. 



23 1 1 . The method of claim 2309, further comprising maintaining a temperature within 
the selected section within a pyrolysis temperature range. 



23 12. The method of claim 2309, wherein the one or more heat sources comprise 
electrical heaters. 



23 1 3. The method of claim 2309, ^herein the one or more heat sources comprise 
surface burners. 



23 14. The method of claim 23y9, wherein the one or more heat sources comprise 
flameless distributed combustors. 



23 1 5. The method of claim/>309, wherein the one or more heat sources comprise natural 
distributed combustors. 



23 16. The method of claim 2309, further comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. 
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23 17. The method of claim 2309, further comprising controlling the heat such that an 
average heating rate of the selected section is less than aboi^t 1 °C per day during 
pyrolysis. 



23 1 8. The method of claim 2309, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises:/ 

heating a selected volume (F) of the hydrocarbon containing formation from the 
one or more heat sources, wherein the formation hps an average heat capacity (C v ). and 
wherein the heating pyrolyzes at least some hydrocarbons within the selected volume of 
the formation; and 

wherein heating energy/day provided 16 the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 
Pwr = h*V*C v *p B 

wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, p B is formation bulk density, and wherein the heating rate is less than about 1 0 
°C/day. 



23 19. The method of claim 2309, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 




2320. The method of claim 2309, wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 



232 1 . The method of claim/2309, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons having an 
API gravity of at least about 25°. 



2322. The method of claim 2309, further comprising producing a mixture from the 
formation, wherein the/produced mixture comprises condensable hydrocarbons, and 
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wherein about 0.1 % by weight to about 15 % by weight of the cpndensable hydrocarbons 
are olefins. 



2323. The method of claim 2309, further comprising prodj/cing a mixture from the 
formation, wherein the produced mixture comprises non-condensable hydrocarbons, and 
wherein a molar ratio of ethene to ethane in the non-condensable hydrocarbons ranges 
from about 0.001 to about 0.15. 



2324. The method of claim 2309, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 1 % by weight, when calculated on an atomic basis, bf the 
condensable hydrocarbons is nitrogen. 



2325. The method of claim 2309, further Comprising producing a mixture from the 
formation, wherein the produced mixture/comprises condensable hydrocarbons, and 
wherein less than about 1 % by weight./when calculated on an atomic basis, of the 
condensable hydrocarbons is oxygen. 



2326. The method of claim 2309,yfurther comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 1 % by weight, when calculated on an atomic basis, of the 
condensable hydrocarbons is sulfur. 



2327. The method of clainy2309, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, wherein 
about 5 % by weight to about 30 % by weight of the condensable hydrocarbons comprise 
oxygen containing compounds, and wherein the oxygen containing compounds comprise 
phenols. 



2328. The method of/claim 2309, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
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i/hv 

i 

compounds. / 



wherein sreater than about 20 % bv weight of the condensable hvdrocarbons are aromatic 



2329. The method of claim 2309 ; further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 5 % by weight of the condensable hydrocarbons comprises multi- 
ring aromatics with more than two rings. 

2330. The method of claim 2309, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 0.3 % by weight of tjje condensable hydrocarbons are 
asphaltenes. 

233 1 . The method of claim 2309, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein about 5 % by weight to abouy 30 % by weight of the condensable hydrocarbons 
are cycloalkanes. 



2332. The method of claim 2309/ further comprising producing a mixture from the 
formation, wherein the produced mixture comprises a non-condensable component, 
wherein the non-condensable component comprises hydrogen, wherein the hydrogen is 
greater than about 10 % by volume of the non-condensable component, and wherein the 
hydrogen is less than about 80 % by volume of the non-condensable component. 

2333. The method of claim 2309, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises ammonia, and wherein greater than 
about 0.05 % by weight/of the produced mixture is ammonia. 

2334. The method of claim 2309, further comprising producing a mixture from the 
formation, wherein ttte produced mixture comprises ammonia, and wherein the ammonia 
is used to produce fertilizer. 
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2335. The method of claim 2309, further comprising controlling a pressure within at 
least a majority of the selected section of the formation/wherein the controlled pressure 
is at least about 2.0 bar absolute. 



2336. The method of claim 2309, further comprising controlling formation conditions to 
produce a mixture from the formation, wherein ^ partial pressure of H2 within the mixture 
is greater than about 0.5 bar. 



2337. The method of claim 2309, further comprising producing a mixture from the 
formation, wherein the partial pressure of /H2 within the mixture is measured when the 
mixture is at a production well. 

2338. The method of claim 2309, fii/ther comprising altering a pressure within the 
formation to inhibit production of h/drocarbons from the formation having carbon 
numbers greater than about 25. 



2339. The method of claim 2309, further comprising producing a mixture from the 
formation and controlling formation conditions by recirculating a portion of hydrogen 
from the mixture into the formation. 



2340. The method of claip 2309, further comprising: 

providing hydrogen (H2) to the heated section to hydrogenate hydrocarbons 
within the section; and 

heating a portion of the section with heat from hydrogenation. 



234 1 . The method of claim 2309, further comprising: 

producing Hydrogen and condensable hydrocarbons from the formation; and 
hydrogenating a portion of the produced condensable hydrocarbons with at least a 

portion of the produced hydrogen. 
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2342. The method of claim 2309, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected section k> greater than about 100 
millidarcv. / 

2343. The method of claim 2309, wherein allowing therieat to transfer comprises 
substantially uniformly increasing a permeability of airiajority of the selected section. 

2344. The method of claim 2309, wherein the heating is controlled to yield greater than 
about 60 % by weight of condensable hydrocarbons, as measured by the Fischer Assay. 

2345. The method of claim 2309, further comprising producing a mixture in a 
production well, and wherein at least about/7 heat sources are disposed in the formation 
for each production well. / 

2346. The method of claim 2309, further comprising providing heat from three or more 
heat sources to at least a portion of trie formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

2347. The method of claim 2309, further comprising providing heat from three or more 
heat sources to at least a ponion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

2348. A method ot/treating a hydrocarbon containing formation in situ, comprising: 
providing heat from one or more heat sources to at least a portion of the 

formation: / 

allowing/the heat to transfer from the one or more heat sources to a selected 
section of the formation; and 
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controlling the heat to yield greater than about 60/% by weight of condensable 
hydrocarbons, as measured by the Fischer Assay. 



2349. The method of claim 2348, wherein the one of more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at least some hydrocarbons within the selected section of the 
formation. 



2350. The method of claim 2348, further comprising maintaining a temperature within 
the selected section within a pyrolysis temperature range. 



235 1 . The method of claim 2348, whereiji the one or more heat sources comprise 
electrical heaters. 



2352. The method of claim 2348, wl/erein the one or more heat sources comprise 
surface burners. 



2353. The method of claim 2348/ wherein the one or more heat sources comprise 
flameless distributed combustor; 



2354. The method of claim 2^48, wherein the one or more heat sources comprise natural 
distributed combustors. 



2355. The method of claim 2348, further comprising controlling a pressure and a 
temperature within at least/a majority of the selected section of the formation, wherein 
the pressure is controlled £s a function of temperature, or the temperature is controlled as 
a function of pressure. 

2356. The method of jtlaim 2348, further comprising controlling the heat such that an 
average heating rate of the selected section is less than about 1 °C per day during 
pyrolysis. 
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2357. The method of claim 2348, wherein providing heat fron/ the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (V) of the hydrocarbon containing formation from the 
one or more heat sources, wherein the formation has an average heat capacity (C v ), and 



wherein the heating pyrolyzes at least some hydrocarbons within the selected volume of 
the formation; and 

wherein heating energy/day provided to the yolume is equal to or less than Pwr. 
wherein Pwr is calculated by the equation: 
Pwr = h*V*C v *p B 

wherein Pwr is the heating energy/day,^ is an average heating rate of the 
formation, p B is formation bulk density, and \ynerein the heating rate is less than about 10 
°C/day. 



2358. The method of claim 2348, wherein allowing the heat to transfer comprises 
transferring heat substantially by condu/tion. 



2359. The method of claim 2348, Wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 

2360. The method of claim 23^8, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons having an 
API gravity of at least about/25°. 



2361 . The method of cla/m 2348, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein about 0.1 % by/ weight to about 15 % by weight of the condensable hydrocarbons 
are olefins. 
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2362. The method of claim 2348. further comprising producinj^/a mixture from the 
formation, wherein the produced mixture comprises non-condepisable hydrocarbons, and 
wherein a molar ratio of ethene to ethane in the non-condensable hydrocarbons ranges 
from about 0.001 to about 0.15. 



2363. The method of claim 2348, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 1 % by weight, when calculated on an atomic basis, of the 
condensable hydrocarbons is nitrosen. 



2364. The method of claim 2348. further comprising producing a mixture from the 
formation, wherein the produced mixture composes condensable hydrocarbons, and 
wherein less than about 1 % by weight, when calculated on an atomic basis, of the 
condensable hydrocarbons is oxygen. 



2365. The method of claim 2348, furthei? comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 1 % by weight/when calculated on an atomic basis, of the 
condensable hydrocarbons is sulfur. 



2366. The method of claim 2348/further comprising producing a mixture from the 
formation, wherein the produced ^mixture comprises condensable hydrocarbons, wherein 
about 5 % by weight to about 30 % by weight of the condensable hydrocarbons comprise 
oxygen containing compounds/and wherein the oxygen containing compounds comprise 
phenols. 



2367. The method of claim 2348, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein greater than about 20 % bv weieht of the condensable hydrocarbons are aromatic 
compounds. 
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2368. The method of claim 2348, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 5 % by weight of the condensable hydrocarbons comprises multi 
rin<j aromatics with more than two rings. 



2369. The method of claim 2348, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 0.3 % by weight of /ne condensable hydrocarbons are 
asphaltenes. 

2370. The method of claim 2348, fu^her comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein about 5 % by weight to abgut 30 % by weight of the condensable hydrocarbons 
are cycloalkanes. 

2371 . The method of claim 234^8, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises a non-condensable component, 
wherein the non-condensable /omponent comprises hydrogen, wherein the hydrogen is 
greater than about 10 % by volume of the non-condensable component, and wherein the 
hydrogen is less than about pO % by volume of the non-condensable component. 

2372. The method of claim 2348, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises ammonia, and wherein greater than 
about 0.05 % by weight of the produced mixture is ammonia. 

2373. The method ot claim 2348, further comprising producing a mixture from the 
formation, wherein me produced mixture comprises ammonia, and wherein the ammonia 
is used to produce fertilizer. 
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2374. The method of claim 2348, further comprising controlling a pressure within at 
least a majority of the selected section of the formation/ ^vherein the controlled pressure 

is at least about 2.0 bar absolute. / / 

/ 
/ 

2375. The method of claim 2348. further comprising controlling formation conditions to 
produce a mixture from the formation, wherein /partial pressure of H2 within the mixture 
is greater than about 0.5 bar. 



2376. The method of claim 2348, further comprising producing a mixture from the 
formation, wherein the partial pressure of/Hi within the mixture is measured when the 
mixture is at a production well. 




2377. The method of claim 2348, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 



2378. The method of claim 23'48, further comprising producing a mixture from the 
formation and controlling formation conditions by recirculating a portion of hydrogen 
from the mixture into the formation. 



2379. The method of claim 2348, further comprising: 

providing hydrogen (H2) to the heated section to hydrogenate hydrocarbons 
within the section; andy 

heating a portion of the section with heat from hydrogenation. 



2380. The method of claim 2348, further comprising: 

producing/hydrogen and condensable hydrocarbons from the formation; and 
hydrogenating a portion of the produced condensable hydrocarbons with at least a 

portion of the produced hydrogen. 



V 
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2381 . The method of claim 2348, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected section to/greater than about 100 
millidarcv. / 

2382. The method of claim 2348, wherein allowing the heart to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 

2383. The method of claim 2348. further comprising producing a mixture in a 
production well, and wherein at least about 7 heat sou/ces are disposed in the formation 
for each production well. / 

2384. The method of claim 2348, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit o/heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. / 

2385. The method of claim 2348, furtheryfcomprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern/and wherein a plurality of the units are repeated 
over an area of the formation to fornya repetitive pattern of units. 

2386. A method of treating a hydrocarbon containing formation in situ, comprising: 
heating a first section of tne formation to pyrolyze at least some hydrocarbons in 

the first section and produce a first mixture from the formation; 

heating a second section of the formation to pyrolyze at least some hydrocarbons 
in the second section and produce a second mixture from the formation; and 

leaving an unpyrolyzed section between the first section and the second section to 
inhibit subsidence of the formation. 
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2387. The method of claim 2386, further comprising maintaining a temperature within 
the first section or the second section within a pyrolysis temperature range. 



2388. The method of claim 2386, wherein heating the fiyst section or heating the second 
section comprises heating with an electrical heater. 

2389. The method of claim 2386, wherein heating tl/e first section or heating the second 
section comprises heating with a surface burner. 

2390. The method of claim 2386, wherein heating the first section or heating the second 
section comprises heating with a flameless distributed combustor. 

2391 . The method of claim 2386, wherein heating the first section or heating the second 
section comprises heating with a natural distributed combustor. 

2392. The method of claim 2386, fiirthe/comprising controlling a pressure and a 
temperature within at least a majority ofythe first or second section of the formation, 
wherein the pressure is controlled as a junction of temperature, or the temperature is 
controlled as a function of pressure. 

2393. The method of claim 2386, Anther comprising controlling the heat such that an 
average heating rate of the first or/second section is less than about 1 °C per day during 
pyrolysis. 

2394. The method of claim 2^86, wherein heating the first section or heating the second 
section comprises: 

heating a selected volume (V) of the hydrocarbon containing formation from one 
or more heat sources, wherein the formation has an average heat capacity (C v ), and 
wherein the heating pyrolyzes at least some hydrocarbons within the selected volume of 
the formation; and 
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wherein heating energy/day provided to the volume As equal to or less than Pwr. 
wherein Pwr is calculated by the equation: / 

Pwr = h * V*C V *p B / 

wherein Pwr is the heating energy/day. h is an average heating rate of the 
formation, p B is formation bulk density, and wherein /he heating rate is less than about 10 
°C/day. / 

2395. The method of claim 2386, wherein heatmg the first section or heating the second 
section comprises transferring heat substantially by conduction. 

2396. The method of claim 2386, wherein Keating the first section or heating the second 
section comprises heating the formation such that a thermal conductivity of at least a 
portion of the first or second section, respectively, is greater than about 0.5 W/(m °C). 

2397. The method of claim 2386, wherein the first or second mixture comprises 
condensable hydrocarbons having an API gravity of at least about 25°. 

2398. The method of claim 2386, wherein the first or second mixture comprises 
condensable hydrocarbons, and wnerein about 0.1 % by weight to about 1 5 % by weight 
of the condensable hydrocarbons are olefins. 

2399. The method of claim 23/86, wherein the first or second mixture comprises non- 
condensable hydrocarbons, ana wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 

2400. The method of claim 2386, wherein the first or second mixture comprises 
condensable hydrocarbons/ and wherein less than about 1 % by weight, when calculated 
on an atomic basis, of the/condensable hydrocarbons is nitrogen. 
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2401 . The method of claim 2386. wherein the first or second mixture comprises 
condensable hydrocarbons, and wherein less than about 1 % by weight, when calculated 
on an atomic basis, of the condensable hydrocarbons/is oxygen. 

2402. The method of claim 2386, wherein the first or second mixture comprises 
condensable hydrocarbons, and wherein less than about 1 % by weieht. when calculated 
on an atomic basis, of the condensable hydrocarbons is sulfur. 

2403. The method of claim 2386. wherein /he first or second mixture comprises 
condensable hydrocarbons, wherein about £ % by weight to about 30 % by weight of the 
condensable hydrocarbons comprise oxygen containing compounds, and wherein the 
oxygen containing compounds comprise phenols. 

2404. The method of claim 2386. wKerein the first or second mixture comprises 
condensable hydrocarbons, and whe/ein greater than about 20 % by weight of the 
condensable hydrocarbons are aromatic compounds. 

2405. The method of claim 238|/ wherein the first or second mixture comprises 
condensable hydrocarbons, and yvherein less than about 5 % by weight of the 

comprises multi-ring aromatics with more than two rings. 



2406. The method of claim 2386, wherein the first or second mixture comprises 
condensable hydrocarbons, ahd wherein less than about 0.3 % by weight of the 
condensable hydrocarbons are asphaltenes. 



2407. The method of claim 2386, wherein the first or second mixture comprises 
condensable hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of 
the condensable hydrocarbons are cycloalkanes. 

2408. The method of claim 2386, wherein the first or second mixture comprises a non- 
condensable component, and wherein the non-condensable component comprises 
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hydrogen, and wherein the hydrogen is greater than about 10 //o by volume of the non- 
condensable component and wherein the hydrogen is less tlj&n about 80 % by volume of 
the non-condensable component. 

2409. The method of claim 2386, wherein the first or /econd mixture comprises 
ammonia s and wherein greater than about 0.05 % by /eight of the first or second mixture 
is ammonia. 



241 0. The method of claim 2386, wherein the first or second mixture comprises 
ammonia, and wherein the ammonia is used to produce fertilizer. 



241 1 . The method of claim 2386, further comprising controlling a pressure within at 
least a majority of the first or second sectiop of the formation, wherein the controlled 
pressure is at least about 2.0 bar absolute. 

2412. The method of claim 2386, furthfer comprising controlling formation conditions to 
produce the first or second mixture, wmerein a partial pressure of H 2 within the first or 
second mixture is greater than about 0.5 bar. 

241 3. The method of claim 2386,Avherein a partial pressure of H 2 within the first or 
second mixture is measured when/the first or second mixture is at a production well. 



2414. The method of claim 2386, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 

2415. The method of claim 2386, further comprising controlling formation conditions 
by recirculating a portion/of hydrogen from the first or second mixture into the formation. 



2416. The method of daim 2386, further comprising: 
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providing hydrogen (H 2 ) to the first or second section to hydrogenate 
hydrocarbons within the first or second section, respectively; and 

heating a portion of the first or second secpon. respectively, with heat from 
hydrogenation. 



241 7. The method of claim 2386, further comprising: 

producing hydrogen and condensable hydrocarbons from the formation; and 
hydrogenating a portion of the produced condensable hydrocarbons with at least a 

portion of the produced hydrogen. 



241 8. The method of claim 2386, wherein heating the first section or heating the second 
section comprises increasing a permeability of a majority of the first or second section, 
respectively, to greater than about 100 millidarcy. 

2419. The method of claim 2386/ wherein heating the first section or heating the second 
section comprises substantially uniformly increasing a permeability of a majority of the 
first or second section, respectively. 



2420. The method of claim 2686, further comprising controlling heating of the first or 
second section to yield greater than about 60 % by weight of condensable hydrocarbons, 
as measured by the Fischer Assay, from the first or second section, respectively. 

2421 . The method of claim 2386, wherein producing the first or second mixture 
comprises producing the first or second mixture in a production well, and wherein at least 
about 7 heat sources are disposed in the formation for each production well. 

2422. The method of claim 2386, further comprising providing heat from three or more 
heat sources to at least? a portion of the formation, wherein three or more of the heat 
sources are located in/the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 
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2423, The method of claim 2386, further comprising p/oviding heat from three or more 
heat sources to at least a portion of the formation, whe/ein three or more of the heat 
sources are located in the formation in a unit of heat Sources, wherein the unit of heat 
sources comprises a triangular pattern, and whereiiva plurality of the units are repeated 
over an area of the formation to form a repetitiveypattern of units. 

2424. A method of treating a hydrocarbon containing formation in situ, comprising: 
providing heat from one or more hea/ sources to at least a portion of the 

formation: 

allowing the heat to transfer from /he one or more heat sources to a selected 
section of the formation; and 

producing a mixture from the formation through one or more production wells : 
wherein the heating is controlled such/that the mixture can be produced from the 
formation as a vapor, and wherein at/least about 7 heat sources are disposed in the 
formation for each production well.; 



2425. The method of claim 2424, wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at least some/hydrocarbons within the selected section of the 
formation. 



2426. The method of clainy2424, further comprising maintaining a temperature within 
the selected section within a pyrolysis temperature range. 

2427. The method of cl^im 2424, wherein the one or more heat sources comprise 
electrical heaters. 



2428. The method of paim 2424. wherein the one or more heat sources comprise 
surface burners. 



\ 
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2429. The method of claim 2424. wherein the one or morf heat sources comprise 
flameless distributed combustors. 



2430. The method of claim 2424 5 wherein the one or/more heat sources comprise natural 
distributed combustors. 



243 1 . The method of claim 2424, further comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. 

2432. The method of claim 2424, furthfer comprising controlling the heat such that an 
average heating rate of the selected section is less than about 1 °C per day during 
pyrolysis. 

2433. The method of claim 2424/wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (V) of the hydrocarbon containing formation from the 
one or more heat sources, wherein the formation has an average heat capacity (C v ), and 
wherein the heating pyrolyze^'at least some hydrocarbons within the selected volume of 
the formation; and 

wherein heating energy/day provided to the volume is equal to or less than Pwr. 
wherein Pwr is calculated /by the equation: 



lated/b; 



Pwr = h*V*C x , 

wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, p B is formation bulk density, and wherein the heating rate is less than about 10 
°C/day. 



2434. The method of claim 2424, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 
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2435. The method of claim 2424, wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 

2436. The method of claim 2424, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 

2437. The method of claim 2424, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by we/ght to about 1 5 % by weight of the 
condensable hydrocarbons are olefins. / 

2438. The method of claim 2424, wherem the produced mixture comprises non- 
condensable hydrocarbons, and wherein/a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges frony about 0.001 to about 0.15. 

2439. The method of claim 2424, 
hydrocarbons, and wherein less th* 
basis, of the condensable hydrocar 

2440. The method of claim 2424, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 

2441 . The method of claim 2424, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic' 
basis, of the condensable hydrocarbons is sulfur. 

/ 

2442. The method ofclaim 2424, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons compr/se oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 



'herein the produced mixture comprises condensable 
about 1 % by weight, when calculated on an atomic 
>ons is nitrogen. 
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2443. The method of claim 2424, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by Weight of the condensable 
hydrocarbons are aromatic compounds. / 

2444. The method of claim 2424 ; wherein the pro/uced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % b/ weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 

2445. The method of claim 2424, wherein thfe produced mixture comprises condensable 
hydrocarbons, and wherein less than about Q3 % by weight of the condensable 
hydrocarbons are asphaltenes. / 

2446. The method of claim 2424, wherfein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % j/y weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalicanes. 

2447. The method of claim 2424, therein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater Man about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. / 

2448. The method of claim 2424, wherein the produced mixture comprises ammonia, 
and wherein greater than abdut 0.05 % by weight of the produced mixture is ammonia. 

2449. The method of clatfn 2424, wherein the produced mixture comprises ammonia, 
and wherein the ammonia/is used to produce fertilizer. 
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2450. The method of claim 2424, further comprising con/trolling a pressure within at 
least a majority of the selected section of the formation. )Vherein the controlled pressure 
is at least about 2.0 bar absolute. 



2451 . The method of claim 2424, further comprising controlling formation conditions to 
produce the mixture, wherein a partial pressure of Ijfo within the mixture is greater than 
about 0.5 bar. 



2452. The method of claim 2452, wherein the partial pressure of H2 within the mixture 
is measured when the mixture is at a production well. 

2453. The method of claim 2424, further comprising altering a pressure within the 
formation to inhibit production of hydrocart/ons from the formation having carbon 
numbers greater than about 25. 



[comprising controlling formation conditions 
by recirculating a portion of hydrogen from the mixture into the formation. 



2455. The method of claim 2424, furtHer comprising: 
providing hydrogen (H 2 ) to the/heated section to hydrogenate hydrocarbons 

within the section; and 

heating a portion of the section with heat from hydrogenation. 

2456. The method of claim 2424/further comprising: 

producing hydrogen and condensable hydrocarbons from the formation; and 
hydrogenating a portion of the produced condensable hydrocarbons with at least a 
portion of the produced hydrogen. 



2457. The method of claim ^424, wherein allowing the heat to transfer comprises 
increasing a permeability of 
millidarcy. 



majority of the selected section to greater than about 100 



\ 
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2458. The method of claim 2424, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability ofi majority of the selected section. 

2459. The method of claim 2424, wherein the heating is controlled to yield greater than 
about 60 % by weight of condensable hydrocarbons, as measured bv the Fischer Assay. 

2460. The method of claim 2424, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a un/t of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

246 1 . The method of claim 2424, further comprising providing heat from three or more 
heat sources to at least a portion of thefformation, wherein three or more of the heat 
sources are located in the formation id a unit of heat sources, wherein the unit of heat 
sources comprises a triangular patterfi, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

2462. A method of treating a hydrocarbon containing formation in situ, comprising: 

providing heat from one br more heat sources to at least a portion of the 

formation, wherein the one or ijhore heat sources are disposed within one or more first 
wells; 

allowing the heat to t/ansfer from the one or more heat sources to a selected 
section of the formation; an< 

producing a mixture from the formation through one or more second wells, 
wherein one or more of ihk first or second wells are initially used for a first purpose and 
are then used for one or more other purposes. 

2463. The method of daim 2462, wherein the first purpose comprises removing water 
trom the formation, ancj wherein the second purpose comprises providing heat to the 
formation. 



\ 
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2464. The method of claim 2462, wherein the first purpose comprises removing water 
from the formation, and wherein the second purpose comprise^producing the mixture. 

2465. The method of claim 2462, wherein the first purpose/comprises heating, and 
wherein the second purpose comprises removing water from the formation. 

2466. The method of claim 2462, wherein the first purpose comprises producing the 
mixture, and wherein the second purpose comprises removing water from the formation. 

2467. The method of claim 2462, wherein the oneZr more heat sources comprise 
electrical heaters. / 

2468. The method of claim 2462 ; wherein the rfne or more heat sources comprise 
surface burners. / 

2469. The method of claim 2462, wherein the one or more heat sources comprise 
flameless distributed combustors. / 

2470. The method of claim 2462, where/n the one or more heat sources comprise natural 
distributed combustors. / 

2471 . The method of claim 2462, further comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a funct/on of temperature, or the temperature is controlled as 
a function of pressure. / 

2472. The method of claim 2462, further comprising controlling the heat such that an 
average heating rate of the selected section is less than about 1 .0 0 C per day during 
pyrolysis. / 
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2473. The method of claim 2462. wherein providing Meat from the one or more heat 
sources to at least the portion of the formation comprises: 

heating a selected volume (V) of the hydrocarbon containing formation from the 
one or more heat sources, wherein the formation tias an average heat capacity (C v ). and 
wherein the heating pyrolyzes at least some hydrocarbons within the selected volume of 
the formation: and 

wherein heating energy/day provide^ to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation:) 
Pwr = h*V*C v *p B 

wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, ps is formation bulk density, and wherein the heating rate is less than about 10 
°C/dav. 



2474. The method of claim 2462,Avherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 

2475. The method of claim 2462, wherein the produced mixture comprises condensable 
hydrocarbons having an APygravity of at least about 25°. 

2476. The method of claim 2462, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 

2477. The method of claim 2462, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 



2478. The method of claim 2462. wherein the produced mixture comprises condensable 
hydrocarbons, anq wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 
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2479. The method of claim 2462, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 

2480. The method of claim 2462, wherein me produced mixture comprises condensable 
hydrocarbons, and wherein less than about/l % bv weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is/sulfur. 

248 1 . The method of claim 2462, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 

2482. The method of claim 2462/ wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 

2483. The method of claim 2A62, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 

2484. The method of claim 2462, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphalyenes. 

2485. The method of alaim 2462. wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 
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2486. The method of claim 2462. wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less than ab^ut 80 % by volume of the non- 
condensable component. / 

2487. The method of claim 2462. wherein th/ produced mixture comprises ammonia, 
and wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

2488. The method of claim 2462, wherein the produced mixture comprises ammonia, 
and wherein the ammonia is used to produce fertilizer. 

2489. The method of claim 2462VWther comprising controlling a pressure within at 
least a majority of the selected section of the formation, wherein the controlled pressure 
is at least about 2.0 bar absolutes 

2490. The method of claim/^462, further comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons and H 2 , wherein a partial pressure of H 2 
within the mixture is greater than about 0.5 bar. 

2491 . The method ofrfclaim 2490, wherein the partial pressure of H 2 is measured when 
the mixture is at a production well. 

2492. The method of claim 2462, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater Ahan about 25. 

2493. The method of claim 2462, further comprising controlling formation conditions, 
wherein controlling formation conditions comprises recirculating a portion of hydrogen 
from the mimure into the formation. 
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2494. The method of claim 2462 5 further comprising: / 

providing hydrogen (H2) to the heated section to hwogenate hydrocarbons 
within the section; and / 

heating a portion of the section with heat from tiydrogenation. 

2495. The method of claim 2462, wherein the produced mixture comprises hydrogen 
and condensable hydrocarbons, the method further comprising hydrogenating a portion of 
the produced condensable hydrocarbons with at least a portion of the produced hydrogen. 

2496. The method of claim 2462, wherein/allowing the heat to transfer comprises 
increasing a permeability of a majority oMhe selected section to greater than about 100 
millidarcy. / 

2497. The method of claim 2462, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 

2498. The method of claim 2462/ further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by the Fischer 
Assay. / 

2499. The method of claim 2^62, wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for each production well. 

2500. The method of claifn 2462, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triamgular pattern. 

2501 . The method of claim 2462. further comprising providing heat from three or more 
heat sources to at least^a portion of the formation, wherein three or more of the heat 

632 Conley. Rose & Tayon. P C 



sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 



2502. A method for forming heater wells in a hydpocarbon containing formation, 
comprising: 

forming a first wellbore in the formatioi 

forming a second wellbore in the formation using magnetic tracking such that the 
second wellbore is arranged substantially parallel to the first wellbore; and 

providing at least one heating mechanism within the first wellbore and at least one 
heating mechanism within the second wellbore such that the heating mechanisms can 
provide heat to at least a portion of the formation. 



2503. The method of claim 1. wherein superposition of heat from the at least one 
heating mechanism within the first wellbore and the at least one heating mechanism 
within the second wellbore pyrolyzes at least some hydrocarbons within a selected 
section of the formation. 



2504. The method of claim 2502, further comprising maintaining a temperature within a 
selected section within a pyrolysis temperature range. 



2505. The method of claim/2502, wherein the heating mechanisms comprise electrical 
heaters. 



2506. The method of cl^im 2502. wherein the heating mechanisms comprise surface 
burners. 



2507. The method of claim 2502. wherein the heating mechanisms comprise flameless 
distributed combustors. 
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2508. The method of claim 2502. wherein the heating mechanisms comprise natural 

* 

distributed combustors. 



2509. The method of claim 2502, further comprising comrolling a pressure and a 
temperature within at least a majority of a selected section of the formation, wherein the 
pressure is controlled as a function of temperature, or pe temperature is controlled as a 
function of pressure. 



2510. The method of claim 2502, further comprising controlling the heat from the 
heating mechanisms such that heat transferred from the heating mechanisms to at least 
the portion of the hydrocarbons is less than abdut 1 °C per day during pyrolysis. 



2511. The method of claim 2502, further comprising: 

heating a selected volume (V) of the hydrocarbon containing formation from the 
heating mechanisms, wherein the formation has an average heat capacity (C v ). and 
wherein the heating pyrolyzes at least so^e hydrocarbons within the selected volume of 
the formation; and 

wherein heating energy/day provided to the volume is equal to or less than Pwr. 
wherein Pwr is calculated by the equation: 
Pwr - h*V*C v *p B 

wherein Pwr is the heating £nergy/day, h is an average heating rate of the 
formation, p B is formation bulk density, and wherein the heating rate is less than about 10 

°C/dav. 



2512. The method of claim 2502. further comprising allowing the heat to transfer from 
the heating mechanisms to at /east the portion of the formation substantially by 
conduction. 



2513. The method of claim 2502, further comprising providing heat from the heating 
mechanisms to at least the portion of the formation such that a thermal conductivity of at 

LI v 

least the portion of the formation is greater than about 0.5 W/(m °C). 
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2514. The method of claim 2502, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons having an 
API gravity of at least about 25°. . 



25 1 5. The method of claim 2502, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein about 0.1 % by weight to about 15 %py weight of the condensable hydrocarbons 
are olefins. 



2516. The method of claim 2502, further/comprising producing a mixture from the 
formation, wherein the produced mixture comprises non-condensable hydrocarbons, and 
wherein a molar ratio of ethene to ethar^e in the non-condensable hydrocarbons ranees 
from about 0.001 to about 0.15. 



251 7. The method of claim 2502, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 1 % by weight, when calculated on an atomic basis, of the 
condensable hydrocarbons is nitrogen. 



251 8. The method of claim 2502. further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 1 % by weight, when calculated on an atomic basis, of the 
condensable hydrocarbons is oxygen. 



25 1 9. The method of claim 2502, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about l/% by weight, when calculated on an atomic basis, of the 
condensable hvdrocarbons is sulfur. 



\ 
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2520. The method of claim 2502 : further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, wherein 
about 5 % by weight to about 30 % by weight of the condensable hydrocarbons comprise 
oxygen containing compounds, and wherein the oxygen containing compounds comprise 
phenols. 

252 1 . The method of claim 2502 ; further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein greater than about 20 % by weight oy the condensable hydrocarbons are aromatic 
compounds. 

2522. The method of claim 2502, further Comprising producing a mixture from the 
formation, wherein the produced mixture ^comprises condensable hydrocarbons, and 
wherein less than about 5 % by weight of the condensable hydrocarbons comprises multi- 
ring aromatics with more than two rings. 

2523. The method of claim 2502, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 0.3 % by weight of the condensable hydrocarbons are 
asphaltenes. 



2524. The method of claim 250^, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein about 5 % by weight tp about 30 % by weight of the condensable hydrocarbons 
are cvcloalkanes. 



2525. The method of claim/2502, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises a non-condensable component, 
wherein the non-condensable component comprises hydrogen, wherein the hydrogen is 
greater than about 10 % by volume of the non-condensable component, and wherein the 
hydrogen is less than about 80 % by volume of the non-condensable component. 
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2526. The method of claim 2502. further comprising producing a mixture from the 
formation, wherein the produced mixture comprises ammonia, and wherein greater than 
about 0.05 % by weight of the produced mixture is ammonia. 



2527. The method of claim 2502. further comprising producing a mixture from the 
formation, wherein the produced mixture Comprises ammonia, and wherein the ammonia 
is used to produce fertilizer. 



2528. The method of claim 2502. furper comprising controlling a pressure within at 
least a majority of a selected section </f the formation, wherein the controlled pressure is 
at least about 2.0 bar absolute. 



2529. The method of claim 2528,/wherein the partial pressure of H 2 within the mixture 
is greater than about 0.5 bar. 



2530. The method of claim 2502, further comprising producing a mixture from the 
formation, wherein the partial pressure of H 2 within the mixture is measured when the 
mixture is at a production wel/. 



253 1 . The method of clainV2502 ? further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 



2532. The method of claim 2502, further comprising producing a mixture from the 
formation and controlling formation conditions by recirculating a portion of hydrogen 
from the mixture into the formation. 



2533. The method qf claim 2502. further comprising: 

providing hydrogen (H 2 ) to the portion to hydrogenate hydrocarbons w-ithin the 
formation: and 
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heating a portion of the formation with heat from hj/drogenation. 



2534. The method of claim 2502. further comprising: 

producing hydrogen and condensable hydrocarbons from the formation; and 
hydrogenating a portion of the produced condei/sable hydrocarbons with at least a 

portion of the produced hydrogen. 



2535. The method of claim 2502, further comprising allowing heat to transfer from the 
heating mechanisms to a selected section of the formation to pyrolyze at least some 
hydrocarbons within the selected section such thaa a permeability of a majority of a 
selected section of the formation increases to greater than about 100 millidarcy. 



comprising allowing heat to transfer from the 
heating mechanisms to a selected section ofAhe formation to pyrolyze at least some 
hydrocarbons within the selected section such that a permeability of a majority of the 
selected section increases substantially uniformly. 



2537. The method of claim 2502, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by the Fischer 
Assay. 



2538. The method of claim 250fi. further comprising producing a mixture in a 
production well, and wherein a/ least about 7 heat sources are disposed in the formation 
for each production well. 



2539. The method of claim 2502. further comprising forming a production well in the 
formation using magnetic tracking such that the production well is substantially parallel 
to the first wellbore and coupling a wellhead to the third wellbore. 



2540. The method of cjaim 2502. further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
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sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

254 1 . The method of claim 2502, further comprising providing heat from three or more 
heat sources to at least a portion of the formation,, x/herein three or more of the heat 
sources are located in the formation in a unit of h/at sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

2542. A method for installing a heater we/ into a hydrocarbon containing formation, 
comprising: 

forming a bore in the ground using/a steerable motor and an accelerometer; and 
providing a heating mechanism \ythin the bore such that the heating mechanism 
can transfer heat to at least a portion of the formation. 



2543. The method of claim 2542 further comprising installing at least two heater wells, 
and wherein superposition of heat/from at least the two heater wells pyrolyzes at least 
some hydrocarbons within a selected section of the formation. 



2544. The method of claim 2542, further comprising maintaining a temperature within 
selected section within a pyrolysis temperature range. 



2545. The method of claim 2542, wherein the heating mechanism comprises an 
electrical heater. 



2546. The method of claim 2542, wherein the heating mechanism comprises a surface 
burner. 



2547. The method of claim 2542, wherein the heating mechanism comprises a fiameless 
distributed combustor. 
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2548. The method of claim 2542. wherein the heating m£< 
distributed combustor. / 



anism comprises a natural 



2549. The method of claim 2542,- further comprisim/controlling a pressure and a 
temperature within at least a majority of a selected section of the formation, wherein the 
pressure is controlled as a function of temperature/ or the temperature is controlled as a 
function of pressure. 



2550. The method of claim 2542, further comprising controlling the heat from the 
heating mechanism such that heat transferrer from the heating mechanism to at least the 
portion of the formation is less than about V °C per day during pyrolysis. 

255 1 . The method of claim 2542, further comprising: 

heating a selected volume (V) oythe hydrocarbon containing formation from the 
heating mechanism, wherein the formation has an average heat capacity (C v ), and 
wherein the heating pyrolyzes at leas/ some hydrocarbons within the selected volume of 
the formation: and 

wherein heating energy/daV provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the Equation: 
Pwr = h*V*C v *p B 

wherein Pwr is the heating energy/day. h is an average heating rate of the 
formation, p B is formation bul^ density, and wherein the heating rate is less than about 1 0 
°C/day. 



2552. The method of claim 2542, further comprising allowing the heat to transfer from 
the heating mechanism tg at least the portion of the formation substantially by 
conduction. 



2553. The method of/claim 2542, further comprising providing heat from the heating 
mechanism to at least/the portion of the formation such that a thermal conductivity of at 
least the portion of the formation is greater than about 0.5 W/(m °C). 
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2554. The method of claim 2542. further comprising producing a mixture from thfe 
formation, wherein the produced mixture comprises condensable hydrocarbons having an 
API gravity of at least about 25°. / 

2555. The method of claim 2542, further comprising prod\cing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein about 0.1 % by weight to about 15 % by/veight of the condensable hydrocarbons 
are olefins. / 

2556. The method of claim 2542, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises non-condensable hydrocarbons, and 
wherein a molar ratio of ethene to ethane Ln the non-condensable hydrocarbons ranges 
from about 0.001 to about 0.15. / 

2557. The method of claim 2542, furaier comprising producing a mixture from the 
formation, wherein the produced mimire comprises condensable hydrocarbons, and 
wherein less than about 1 % by weight, when calculated on an atomic basis, of the 
condensable hydrocarbons is nitrogen. 

2558. The method of claim 2542, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 1 % by weight, when calculated on an atomic basis, of the 
condensable hydrocarbons is/oxygen. 

2559. The method of claim 2542. further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about / % by weight, when calculated on an atomic basis, of the 
condensable hydrocarbons is sulfur. 
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2560. The method of claim 2542. further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, wherein 
about 5 % by weight to about 30 % by weight of the condensable hydrocarbons comprise 
oxygen containing compounds, and wherein the oxygen 9ontaining compounds comprise 
phenols. 

2561 . The method of claim 2542. further comprising producing a mixture from the 
formation, wherein the produced mixture comprise/condensable hydrocarbons, and 
wherein greater than about 20 % by weight of the/condensable hydrocarbons are aromatic 
compounds. 



2562. The method of claim 2542, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 5 % by weight of tl^e condensable hydrocarbons comprises multi 
ring aromatics with more than two rings. 



2563. The method of claim 2542. further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 0.3 % by weight of the condensable hydrocarbons are 
asphaltenes. 



2564. The method of claim 2542./further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein about 5 % by weight to about 30 % by weight of the condensable hydrocarbons 
are cycloalkanes. 



2565. The method of claim 2o42. further comprising producing a mixture from the 
formation, wherein the produced mixture comprises a non-condensable component, 
wherein the non-condensable component comprises hydrogen, wherein the hydrogen is 
greater than about 10 % by volume of the non-condensable component, and wherein the 
hydrogen is less than about/ 80 % by volume of the non-condensable component. 
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2566. The method of claim 2542 : further comprising producing a mixture from the 
formation, wherein the produced mixture comprises ammonia, afld wherein greater than 
about 0.05 % by weight of the produced mixture is ammonia. 



2567. The method of claim 2542. further comprising producing a mixture from the 
formation, wherein the produced mixture comprises amip(onia. and wherein the ammonia 
is used to produce fertilizer. 



2568. The method of claim 2542, further comprising controlling a pressure within at 
least a majority of a selected section of the formation, wherein the controlled pressure is 
at least about 2.0 bar absolute. 



2569. The method of claim 2542, further comprising controlling formation conditions to 
produce a mixture from the formation, wh^ein a partial pressure of H 2 within the mixture 
is greater than about 0.5 bar. 



2570. The method of claim 2569, wherein the partial pressure of H2 within the mixture 
is measured when the mixture is at a production well. 



2571. The method of claim 2542,/further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 



2572. The method of claim 3o42, further comprising producing a mixture from the 
formation and controlling foymation conditions by recirculating a portion of hydrogen 
from the mixture into the formation. 



2573. The method of claim 2542, further comprising: 

providing hydrogen (H 2 ) to the at least the heated portion to hydrogenate 
hydrocarbons within the formation: and 
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heating a portion of the formation with heat from hyarogenation. 

* 

2574. The method of claim 2542, further comprising: 

producing hydrogen and condensable hydrocarbons from the formation; and 
hydrogenating a portion of the produced c^densable hydrocarbons with at least a 

portion of the produced hydrogen. 
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2575. The method of claim 2542, further comprising allowing heat to transfer from the 
heating mechanism to a selected section of me formation to pyrolyze at least some 
hydrocarbons within the selected section such that a permeability of a majority of a 
selected section of the formation increases to greater than about 100 millidarcy. 

2576. The method of claim 2542. fiirftier comprising allowing heat to transfer from the 
heating mechanism to a selected sect/on of the formation to pyrolyze at least some 
hydrocarbons within the selected section such that a permeability of a majority of the 
selected section increases substantially uniformly. 

2577. The method of claim 2542, further comprising controlling the heat to yield greater 
than about 60 % by weight of Condensable hydrocarbons, as measured by the Fischer 
Assay. 



25 
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2578. The method of claim 2542, further comprising producing a mixture in a 
production well, and wherein at least about 7 heating mechanisms are disposed in the 
formation for each production well. 

2579. The method of claim 2542, further comprising providing heat from three or more 

heat sources to at least a portion of the formation, wherein three or more of the heat 

/ 

sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a tmangular pattern. 
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2580. The method of claim 2542. further comprising providing heat from three or more 
heat sources to at least a portion of the formation, whereicr three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

2581 . A method for installing of wells in a hydrocarbon containing formation, 
comprising: / 

forming a wellbore in the formation by geosteered drilling; and 
providing a heating mechanism within tHe wellbore such that the heating 
mechanism can transfer heat to at least a portion of the formation. 

2582. The method of claim 2581. farther/comprising maintaining a temperature within a 
selected section within a pyrolysis temperature range. 



2583. The method of claim 2581. wherein the heating mechanism comprises an 
electrical heater. / 

2584. The method of claim 2581 /wherein the heating mechanism comprises a surface 
burner. / 

2585. The method of claim 2^81, wherein the heating mechanism comprises a flameless 
distributed combustor. / 

2586. The method of claim 2581 . wherein the heating mechanism comprises a natural 
distributed combustor. / 

2587. The method of claim 2581. further comprising controlling a pressure and a 
temperature within at least a majority of a selected section of the formation. w ; herein the 
pressure is controlled as a function of temperature, or the temperature is controlled as a 
function of pressure. / 
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2588. The method of claim 258 L further comprising controlling the heat from the 
heating mechanism such that heat transferred from the heating mechanism to at least the 
portion of the formation is less than about 1 °C per dayyauring pyrolysis. 

2589. The method of claim 2581, further comprising: 

heating a selected volume (V) of the hydrocarbon containing formation from the 
heating mechanism, wherein the formation has an average heat capacity (C v ). and 
wherein the heating pyrolyzes at least some hydrocarbons within the selected volume of 
the formation; and j 

wherein heating energy/day provided/to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: / 

Pwr = h*V*C v *p B 

wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, p B is formation bulk density? and wherein the heating rate is less than about 10 
°C/dav. 



2590. The method of claim 2581/ further comprising allowing the heat to transfer from 
the heating mechanism to at leasf the portion of the formation substantially by 
conduction. 



2591. The method of claim 2581 ; further comprising providing heat from the heating 
mechanism to at least the portion of the formation such that a thermal conductivity of at 
least the portion of the formation is greater than about 0.5 W/(m °C). 



2592. The method oyclaim 2581, further comprising producing a mixture from the 
formation, wherein tne produced mixture comprises condensable hydrocarbons having an 
API gravity of at least about 25°. 



2593. The method of claim 258 1 . further comprising producing a mixture from the 
formation, wherep the produced mixture comprises condensable hydrocarbons, and 
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wherein about 0.1 % by weight to about 15 % by weight of the condensable hydrocarbons 
are olefins. / 

2594. The method of claim 2581, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises non-c/ondensable hydrocarbons, and 
wherein a molar ratio of ethene to ethane in the non-con&ensable hydrocarbons ranges 
from about 0.001 to about 0.15. / 

2595. The method of claim 258 1 . further compri/ing producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 1 % by weight, when calculated on an atomic basis, of the 
condensable hydrocarbons is nitrogen. / 

2596. The method of claim 2581. furtherycomprising producing a mixture from the 
formation, wherein the produced mixture/comprises condensable hydrocarbons, and 
wherein less than about 1 % by weight. Avhen calculated on an atomic basis, of the 
condensable hydrocarbons is oxygen. / 

2597. The method of claim 2581, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 1 % bv weight, when calculated on an atomic basis, of the 
condensable hvdrocarbons is sulfur. 

2598. The method of clainv258 1 , further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, wherein 
about 5 % by weight to apout 30 % by weight of the condensable hydrocarbons comprise 
oxygen containing compounds, and wherein the oxygen containing compounds comprise 
phenols. / 

2599. The method of claim 2581, further comprising producing a mixture from the 
formation, wherein/the produced mixture comprises condensable hydrocarbons, and 
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wherein greater than about 20 % by weight of the condensable hydrocarbons are aromatic 
compounds. 

2600. The method of claim 2581, further comprising/producing a mixture, from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 5 % by weight of the cc^ndensable hydrocarbons comprises multi- 
ring aromatic s with more than two rings. 

2601 . The method of claim 258 1 , furtheivcomprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 0.3 % by weight of the condensable hydrocarbons are 
asphaltenes. 

2602. The method of claim 258 U further comprising producing a mixture from the 
formation, wherein the produced^ mixture comprises condensable hydrocarbons, and 
wherein about 5 % by weight Xp about 30 % by weight of the condensable hydrocarbons 
are cycloalkanes. 

2603. The method of claim 2581 , further comprising producing a mixture from the 
formation, wherein the produced mixture comprises a non-condensable component, 
wherein the non-conden/sable component comprises hydrogen, wherein the hydrogen is 
greater than about 1 0 % by volume of the non-condensable component, and wherein the 
hydrogen is less than about 80 % by volume of the non-condensable component. 

2604. The method/of claim 2581. further comprising producing a mixture from the 
formation, whereirythe produced mixture comprises ammonia, and wherein greater than 
about 0.05 % by weight of the produced mixture is ammonia. 



2605. The methpd of claim 2581, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises ammonia, and wherein the ammonia 
is used to produce fertilizer. 
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2606. The method of claim 258 1 , further comprising controlling a pressure within at 
least a majority of a selected section of the formation/wherein the controlled pressure is 
at least about 2.0 bar absolute. 



2607. The method of claim 2581, further comprising controlling formation conditions to 
produce a mixture from the formation, whereii/a partial pressure of H 2 within the mixture 
is greater than about 0.5 bar. 



2608. The method of claim 2607, wherein the partial pressure of H 2 within the mixture 
is measured when the mixture is at a production well. 

2609. The method of claim 2581, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 



2610. The method of claim 258/, further comprising producing a mixture from the 
formation and controlling formation conditions by recirculating a portion of hydrogen 
from the mixture into the formation. 



261 1 . The method of claim 2581 , further comprising: 

providing hydrogeh (H 2 ) to at least the heated portion to hydrogenate 
hydrocarbons within the/formation; and 

heating a portion of the formation with heat from hydrogenation. 



26 12. The method^of claim 258 1 , further comprising: 

producing hydrogen and condensable hydrocarbons from. the formation; and 
hydrogenating a portion of the produced condensable hydrocarbons with at least a 

portion of the produced hydrogen. 



649 Conlev. Rose & Tavon. P C. 



2613. The method of claim 2581 . further comprising allowing heat to transfer from the 
heating mechanism to a selected section of the formation to pyrolyze at least some 
hydrocarbons within the selected section such that a permeability of a majority of a 
selected section of the formation increases to greater than about 100 millidarcy. 

26 1 4. The method of claim 2581 ; further comprising allowing heat to transfer from the 
heating mechanism to a selected section of the formation to pyrolyze at least some 
hydrocarbons within the selected section such that a permeability of a majority of the 
selected section increases substantially uniformly. 



2615. The method of claim 2581, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable/nydrocarbons, as measured by the Fischer 
Assay. 



261 6. The method of claim 258 1 ? furtner comprising producing a mixture in a 
production well, and wherein at least epout 7 heat sources are disposed in the formation 
for each production well, 

261 7. The method of claim 258 1 . /further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

26 1 8. The method of claim 258 1 , further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the format/on to form a repetitive pattern of units. 

2619. A method of treating a hydrocarbon containing formation in situ, comprising: 
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heating a selected section of the formation with a heatmg element placed within a 
wellbore, wherein at least one end of the heatina element is/free to move axiallv within 
the wellbore to allow for thermal expansion of the heating element. 



2620. The method of claim 261 9 ? further comprising at least two heating elements 
within at least two wellbores. and wherein superposition of heat from at least the two 
heating elements pyrolyzes at least some hydroca/oons within a selected section of the 
formation. 



262 1 . The method of claim 26 1 9, further comprising maintaining a temperature within 
the selected section within a pyrolysis temperature range. 



2622. The method of claim 2619, whe/ein the heating element comprises a pipe-in-pipe 
heater. 



2623. The method of claim 2619,/vherein the heating element comprises a flameless 
distributed combustor. 



2624. The method of claim 2al9, wherein the heating element comprises a mineral 
insulated cable coupled to a support, and wherein the support is free to move within the 
we 11 bore. 



2625. The method of clafm 261 9, wherein the heating element comprises a mineral 
insulated cable suspended from a wellhead. 



2626. The method ofvclaim 261 9. further comprising controlling a pressure and a 
temperature within ay least a majority of a heated section of the formation, wherein the 
pressure is controlled as a function of temperature, or the temperature is controlled as a 
function of pressure. 
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2627. The method of claim 2619. further comprising controlling the heat such that an 
average heating rate of the heated section is less than about l/C per day during pyrolysis. 



2628. The method of claim 2619. wherein heating the se/tion of the formation further 
comprises: 

heating a selected volume {V) of the hydrocarh6n containing formation from the 
heating element, wherein the formation has an average heat capacity (C v ). and wherein 
the heating pyrolyzes at least some hydrocarbons ^ithin the selected volume of the 
formation; and 

wherein heating energy/day provided to/the volume is equal to or less than Pmt, 
wherein Pwr is calculated by the equation: 
Pwr = h*V*C v *p B 

wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation. p B is formation bulk density, a/d wherein the heating rate is less than about 10 
°C/day. 



2629. The method of claim 2619, wherein heating the section of the formation 
comprises transferring heat substantially by conduction. 



2630. The method of claim 2619, further comprising heating the selected section of the 
formation such that a thermal cgntfuctivity of the selected section is greater than about 
0.5 W/(m °C). 



263 1 . The method of claim/261 9, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons having an 
API gravity of at least about 25°. 



2632. The method of claim 2619. further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein about 0. 1 % by weight to about 1 5 % by weight of the condensable hydrocarbons 
are olefins. 
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2633. The method of claim 261 9. further comprising producing a mixture from the 
formation, wherein the produced mixture comprises non-condensable hydrocarbons, and 
wherein a molar ratio of ethene to ethane in the non-conderfsable hydrocarbons ranges 
from about 0.001 to about 0.15. / 

2634. The method of claim 2619, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 1 % by weight, when calculated on an atomic basis, of the 
condensable hydrocarbons is nitrogen. / 

2635. The method of claim 2619, further comprising producing a mixture from the 
formation, wherein the produced mixture (Comprises condensable hydrocarbons, and 
wherein less than about 1 % bv weieht. when calculated on an atomic basis, of the 
condensable hydrocarbons is oxygen. / 

2636. The method of claim 2619, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 1 % by weight, when calculated on an atomic basis, of the 
condensable hydrocarbons is su/fur. 

2637. The method of claim 2619, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, wherein 
about 5 % by weight to about 30 % by weight of the condensable hydrocarbons comprise 
oxygen containing compounds, and wherein the oxygen containing compounds comprise 
phenols. / 

2638. The method of claim 261 9, further comprising producing a mixture from the 
formation, wherein the/produced mixture comprises condensable hydrocarbons, and 
wherein greater than about 20 % by weight of the condensable hydrocarbons are aromatic 
compounds. 1 
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2639. The method of claim 261 9, further comprising producing admixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 5 % by weight of the condensable hydrocarbons comprises multi- 
ring aromatics with more than two rings. / 

2640. The method of claim 2619, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises/Condensable hydrocarbons, and 
wherein less than about 0.3 % by weight of the copdensable hydrocarbons are 
asphaltenes. / 

2641. The method of claim 2619. further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein about 5 % by weight to about 3Q % by weight of the condensable hydrocarbons 
are cycloalkanes. / 

2642. The method of claim 2619, nirther comprising producing a mixture from the 
formation, wherein the produced mixture comprises a non-condensable component, 
wherein the non-condensable component comprises hydrogen, wherein the hydrogen is 
greater than about 1 0 % by voldme of the non-condensable component, and wherein the 
hydrogen is less than about &v) % by volume of the non-condensable component. 

2643. The method of cla/m 261 9. further comprising producing a mixture from the 
formation, wherein the produced mixture comprises ammonia, and wherein greater than 
about 0.05 % by weigh/ of the produced mixture is ammonia. 

2644. The method or claim 2619, further comprising producing a mixture from the 
formation, wherein me produced mixture comprises ammonia, and wherein the ammonia 
is used to produce fertilizer. 
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2645. The method of claim 2619, further comprising controlling a pressure within the 
selected section of the formation, wherein the controllgu pressure is at least about 2.0 bar 
absolute. 



2646. The method of claim 2619, further compris/ng controlling formation conditions to 
produce a mixture from the formation, wherein a partial pressure of H2 within the mixture 
is greater than about 0.5 bar. 



2647. The method of claim 2647, wherein the partial pressure of H2 within the mixture 
is measured when the mixture is at a production well. 



2648. The method of claim 2619, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 



2649. The method of claim 2619, rarther comprising producing a mixture from the 
formation and controlling formation conditions by recirculating a portion of hydrogen 
from the mixture into the formation. 



2650. The method of claim 2ol 9, further comprising: 

providing hydrogen (I/2) to the heated section to hydrogenate hydrocarbons 
within the heated section; 

heating a portion oythe section with heat from hydrogenation. 



265 1 . The method of claim 261 9, further comprising: 

producing hydrogen and condensable hydrocarbons from the formation; and 
hydrogenating k portion of the produced condensable hydrocarbons with at least a 

portion of the produced hydrogen. 



2652. The method of claim 2619, wherein heating comprises increasing a permeability 



of a majority of the 



leated section to greater than about 100 millidarcy. 
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2653. The method of claim 2619, wherein heating comprises substantially uniformly 
increasing a permeability of a majority of the heated sec/ion. 

2654. The method of claim 261 9, wherein the heating is controlled to yield greater than 
about 60 % by weight of condensable hydrocarbons/ as measured by the Fischer Assav 

I 

2655. The method of claim 2619, further comprising producing a mixture in a 
production well, and wherein at least about 7 Yfax sources are disposed in the formation 
for each production well. 



2656. The method of claim 2619, further/comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in /unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern/ 

2657. The method of claim 2619 Jurther comprising providing heat from three or more 
heat sources to at least a portion the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation /o form a repetitive pattern of units. 

2658. A method of treating a hydrocarbon containing formation in situ, comprising: 
providing heat froyh one or more heat sources to at least a portion of the 

formation; 

allowing the heat to transfer from the one or more heat sources to a selected 
section of the formation: and 



producing a mixture from the formation through a production well, wherein the 
production well is located such that a majority of the mixture produced from the 
formation comprises inon-condensable hydrocarbons and a non-condensable component 
comprising hydrogen. 
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2659. The method of claim 2658. wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of hea/ from at least the two heat 
sources pyrolyzes at least some hydrocarbons within the selected section of the 
5 formation. / 
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2660. The method of claim 2658. further comprising maintaining a temperature within 
the selected section within a pyrolysis temperamre range. 



10 2661. The method of claim 2658. wherein the production well is less than 
approximately 6 m from a heat source ofthe one or more heat sources. 



2662. The method of claim 2658. wnerein the production well is less than 
approximately 3 m from a heat source of the one or more heat sources. 



e 2663. The method of claim 2658, wherein the production well is less than 

/ 

8 S / 

approximately 1.5 m from a heat source of the one or more heat sources. 



p 2664. The method of claim 2658, wherein an additional heat source is positioned within 

20 a wellbore of the production well. 



2665. The method oiyclaim 2658. wherein the one or more heat sources comprise 
electrical heaters. 



25 2666. The methojd of claim 2658, wherein the one or more heat sources comprise 
surface burners. 



2667. The method of claim 2658. wherein the one or more heat sources comprise 
flameless distributed combustors. 
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2668. The method of claim 2658. wherein the one or more peat sources comprise natural 
distributed combustors. 



2669. The method of claim 2658, further comprising controlling a pressure and a 
temperature within at least a majority of the selected Section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. 



2670. The method of claim 2658, further comprising controlling the heat such that an 
average heating rate of the selected section i^rless than about 1 °C per day during 
pyrolysis. 



2671 . The method of claim 2658. wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (I 7 ) ©f the hydrocarbon containing formation from the 
one or more heat sources, wherein the formation has an average heat capacity (C v ). and 
wherein the heating pyrolyzes at least some hydrocarbons within the selected volume of 
the formation; and 

wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by th</ equation: 
Pwr = h*V*C v *p B 

wherein Pwr is the heading energy/day, h is an average heating rate of the 
formation. p B is formation bu/k density, and wherein the heating rate is less than about 10 
°C/day. 



2672. The method of clapi 2658. wherein allowing the heat to transfer from the one or 
more heat sources to the ^elected section comprises transferring heat substantially by 
conduction. 
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2673. The method of claim 2658. wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 



5 



2674. The method of claim 2658. wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least abouty£5°. 
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2675. The method of claim 2658. wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 
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2676. The method of claim 2658, wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 



2677. The method of claim 2658. wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less thai/ about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 



2678. The method of claim 2658. wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less/than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 
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2679. The method of claim 2658. wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 



30 



2680. The method of alaim 2658, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compoui/ds comprise phenols. 
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2681. The method of claim 2658. wherein the produced mixture comprises condensable 
hydrocarbons, and wherein ereater than about 20 % bv weieh/pf the condensable, 
hydrocarbons are aromatic compounds. 



2682. The method of claim 2658, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weigm of the condensable 
hydrocarbons comprises multi-ring aromatics with mope than two rings. 



2683. The method of claim 2658, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % py weight of the condensable 
hydrocarbons are asphalt enes. 



2684. The method of claim 2658, wherein tMe produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 



2685. The method of claim 2658, wherein the produced mixture comprises a non- 
condensable component, wherein th^non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 1 0 % by volume of the non-condensable 
component, and wherein the hydr^en is less than about 80 % by volume of the non- 
condensable component. 



2686. The method of claim 2658, wherein the produced mixture comprises ammonia, 
and wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 



2687. The method of claim 2658, wherein the produced mixture comprises ammonia, 
and wherein the ammonia is used to produce fertilizer. 



2688. The method of.claim 2658, further comprising controlling a pressure within at 
least a majority of thef selected section of the formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. 
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2689. The method of claim 2658. further comprising controllin^formation conditions to 
produce the mixture, wherein a partial pressure of H2 within th^/mixture is greater than 
about 0.5 bar. 




2690. The method of claim 2689, wherein the partial pressure of H2 within the mixture 
is measured when the mixture is at a production well. 



2691 . The method of claim 2658. further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons f/om the formation having carbon 
numbers greater than about 25. 



2692. The method of claim 2658. further comprising controlling formation conditions 
by recirculating a portion of the hydrogen/rom the mixture into the formation. 



2693. The method of claim 2658, further comprising: 

providing hydrogen (H2) to Hcjt heated section to hydrogenate hydrocarbons 
within the section; and 

heating a portion of the section with heat from hydrogenation. 



2694. The method of claim 2658. further comprising: 

producing condensable hydrocarbons from the formation; and 

hydrogenating a portion of the produced condensable hydrocarbons with at least a 

portion of the produced hydrogen. 



2695. The method of claim 2658. wherein allowing the heat to transfer comprises 
increasing a permeabili/y of a majority of the selected section to greater than about 100 
millidarcy. 



2696. The method of claim 2658, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 
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2697. The method of claim 2658. further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, admeasured by the Fischer 
Assay. 



2698. The method of claim 2658, wherein producing tne mixture comprises producing 
the mixture in a production well, and wherein at leasy&bout 7 heat sources are disposed in 
the formation for each production well. 

comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unjf of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

2700. The method of claim 2658, flmher comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

2701 . A method of treating a hydrocarbon containing formation in situ ; comprising: 
providing heat to m least a portion of the formation from one or more first heat 

sources placed within a pattern in the formation; 

allowing the heat to transfer from the one or more first heat sources to a first 
section of the formation; 

heating a sec/ond section of the formation with at least one second heat source, 
wherein the second section is located within the first section, and wherein at least the one 
second heat source is configured to raise an average temperature of a portion of the 
second section p a higher temperature than an average temperature of the first section: 
and 
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producing a mixture from the formation through a production well positioned 
within the second section, wherein a majority of the produced mixture comprises non- 
condensable hydrocarbons and a non-condensable competent comprising H2 
components. 



2702. The method of claim 2701. wherein the one or more first heat sources comprise at 
least two heat sources, and wherein superposition di heat from at least the two heat 
sources pyrolyzes at least some hydrocarbons within the first section of the formation. 



2703. The method of claim 2701 , further comprising maintaining a temperature within 
the first section within a pyrolysis temperature range. 



2704. The method of claim 2701 , wherein at least the one heat source comprises a 
heater element positioned within the production well. 



2705. The method of claim 2701 . wherein at least the one second heat source comprises 
an electrical heater. 



2706. The method of claim 2701/ wherein at least the one second heat source comprises 
a surface burner. 



2707. The method of claim 7jI0\ , wherein at least the one second heat source comprises 
a flameless distributed combustor. 



2708. The method of claim 2701 5 wherein at least the one second heat source comprises 
a natural distributed combdstor. 



2709. The method of claim 2701 5 further comprising controlling a pressure and a 
temperature within at l/ast a majority of the first or the second section of the formation, 
wherein the pressure is controlled as a function of temperature, or the temperature is 
controlled as a function of pressure. 
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2710. The method of claim 2701, further comprising controlling the heat such that an 
average heating rate of the first section is less than about 1 °G per day during pyrolysis. 

2711. The method of claim 270 1 , wherein providing he^ft to the formation further 
comprises: 

heating a selected volume (V) of the hydrocarbon containing formation from the 
one or more first heat sources, wherein the formatiofi has an average heat capacity (C v ). 
and wherein the heating pyrolyzes at least some hydrocarbons within the selected volume 
of the formation; and 

wherein heating energy/day provided t</the volume is equal to or less than Pwr. 
wherein Pwr is calculated by the equation: 

Pwr = h*V*C v *p B 

wherein Pwr is the heating energ;/day, h is an average heating rate of the 
formation. p B is formation bulk density ./and wherein the heating rate is less than about 10 
°C/day. 



2712. The method of claim 270 U wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 



271 3. The method of claim 2701, wherein providing heat from the one or more first heat 
sources comprises heating Xjit first section such that a thermal conductivity of at least a 
portion of the first section/is greater than about 0.5 W/(m °C). 



2714. The method of claim 270 L wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 



2715. The method of claim 2701. wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 
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2716. The method of claim 2701, wherein a molar ratio of ethene to ethane in the non- 

/ i 

condensable hydrocarbons ranges from about 0.00 1 to about 0.15. / j 

2717. The method of claim 2701 , 'wherein the produced mixture /omprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, whei/calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 



2718. The method of claim 2701, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 



2719. The method of claim 2701, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 %^by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulftir. 



2720. The method of claim 2701 . wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise ph/nols. 



2721 . The method of claim 2701 , wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 



2722. The method of claim 2701, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises/multi-ring aromatics with more than two rings. 



2723. The method of/claim 2701, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are aspnaltenes. 



Conley. Rose & Tayon. P.C. 



j 

2724. The method of claim 2701, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % byweight of the 
condensable hydrocarbons are cycloalkanes. 



2725. The method of claim 2701, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by voh fme of the non-condensable 
component, and wherein the hydrogen is less than abcjut 80 % by volume of the non- 
condensable component. 



2726. The method of claim 2701 , wherein the produced mixture comprises ammonia, 
and wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 



2727. The method of claim 2701 , wherein the produced mixture comprises ammonia, 
and wherein the ammonia is used to produce fertilizer. 



2728. The method of claim 2701, further comprising controlling a pressure within at 
least a majority of the first or the second section of the formation, wherein the controlled 
pressure is at least about 2.0 bar absolute. 



2729. The method of claim ^2701 , further comprising controlling formation conditions to 
produce the mixture, wherein a partial pressure of H 2 within the mixture is greater than 
about 0.5 bar. 



2730. The method of claim 2729, wherein the partial pressure of H2 within the mixture 
is measured when the mixture is at a production well. 



273 1 . The method of claim 270 1 , further comprising altering a pressure within the 
formation to inhibit/production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 
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2732. The method of claim 2701. further comprising controlling formation conditions 

/ / 

by recirculating a portion of hydrogen from the mixture into the formation. 

/ / 

// 

2733. The method of claim 2701, further comprising: 
providing hydrogen (H2) to the first or second section X<j> hydrogenate 

hydrocarbons within the first or second section, respectively; and 

heating a portion of the first or second section, respectively, with heat from 
hydrogenation. 



2734. The method of claim 2701, further comprising: 

producing condensable hydrocarbons from the formation; and 
hydrogenating a portion of the produced condensable hydrocarbons with at least a 

portion of the produced hydrogen. 



2735. The method of claim 2701 , wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the first or second section to greater than about 
100 millidarcy. 



2736. The method of claim 2701 , /wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the first or second 
section. 



2737. The method of claim 2701. wherein heating the first or the second section is 
controlled to yield greater man about 60 % by weight of condensable hydrocarbons, as 
measured by the Fischer Assay. 



2738. The method of claim 2701 , wherein at least about 7 heat sources are disposed in 
the formation for each production well. 
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2739. The method of claim 2701, further comprising providing from three or more 
heat sources to at least a portion of the formation, wherein three/or more of the heat 
sources are located in the formation in a unit of heat sources, $h<d wherein the unit of heat 
sources comprises a triangular pattern. 

2740. The method of claim 2701 , further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat /ources, wherein the unit of heat 
sources comprises a triangular pattern, and whereir/a plurality of the units are repeated 
over an area of the formation to form a repetitive/pattern of units. 

2741 . A method of treating a hydrocarbon containing formation in situ, comprising: 

providing heat into the formation frofn a plurality of heat sources placed in a 

pattern within the formation, wherein a spacing between heat sources is greater than 
about 6 m; 

allowing the heat to transfer fro/n the plurality of heat sources to a selected 
section of the formation: 

producing a mixture from XhA formation from a plurality of production wells, 
wherein the plurality of production wells are positioned within the pattern, and wherein a 
spacing between production well/ is greater than about 12 m. 

2742. The method of claim 274 1 , wherein superposition of heat from the plurality of 
heat sources pyrolyzes at leas; some hydrocarbons within the selected section of the 
formation. 



2743. The method of claim 2741 , further comprising maintaining a temperature within 
the selected section withirJa pyrolysis temperature range. 



2744. The method of cla 
electrical heaters. 



m 274 L wherein the plurality of heat sources comprises 
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2745. The method of claim 2741, wherein the plurality of heat sources comprises 
surface burners. i\ 



2746. The method of claim 2741 , wherein the plurality of hjeat sources comprises 
flameless distributed combustors. 



2747. The method of claim 2741, wherein the plurality of heat sources comprises 
natural distributed combustors. 



2748. The method of claim 2741, further comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. 



2749. The method of claim 2741, further comprising controlling the heat such that an 
average heating rate of the selected section is less than about 1 °C per day during 
pyrolysis. 



2750. The method of claim 2741, wnerein providing heat from the plurality of heat 
comprises: 

heating a selected volume (U) of the hydrocarbon containing formation from the 
plurality of heat sources, wherein the formation has an average heat capacity (C v ) ; and 
wherein the heating pyrolyzes at l/ast some hydrocarbons within the selected volume of 
the formation: and 

wherein heating energy/day provided to the volume is equal to or less than Pwr. 
wherein Pwr is calculated by th( equation: 
Pwr = h*V*C v *pB 

wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, p B is formation bulk density, and wherein the heating rate is less than about 1 0 
°C/day. 
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2751. The method of claim 2741, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 

2752. The method of claim 2741 /wherein providing heat comprises heating the selected 
formation such that a thermal conductivity of at least/a portion of the selected section is 
greater than about 0.5 W/(m °C). 

2753. The method of claim 274 1. wherein the'produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 



2754. The method of claim 2741, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 



2755. The method of claim 274/ wherein the produced mixture comprises non- 
condensable hydrocarbons, and/wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 

2756. The method of claim 2741, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 

2757. The method pf claim 274 1 , wherein the produced mixture comprises condensable 
hydrocarbons, and therein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 



2758. The metMod of claim 2741, wherein the produced mixture comprises condensable 
hydrocarbons, afnd wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 
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2759. The method of claim 2741. wherein the produced mixture comprises condensable 
hvdrocarbons. wherein about 5 % by weight to about 30 % bv weight of the condensable 
hydrocarbons comprise oxygen containing compounds.yand wherein the oxygen 
containing compounds comprise phenols. 



2760. The method of claim 2741, wherein the produced mixture comprises condensable 
hydrocarbons ; and wherein greater than about 20//o by weight of the condensable 
hydrocarbons are aromatic compounds. 



276 1 . The method of claim 274 1. wherein tne produced mixture comprises condensable 
hydrocarbons, and wherein less than about £ % by weight of the condensable 
hydrocarbons comprises multi-ring aromarics with more than two rings. 

2762. The method of claim 2741. wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than/about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 



2763. The method of claim 274/1 , wherein the produced mixture comprises condensable 
hydrocarbons, and wherein abdut 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 

2764. The method of claim 2741 , wherein the produced mixture comprises a non- 
condensable component. Wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein pe hydrogen is less than about 80 % by volume of the non- 
condensable component. 



2765. The method of claim 2741 . wherein the produced mixture comprises ammonia, 
and wherein greater thai about 0.05 % by weight of the produced mixture is ammonia. 



v 
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2766. The method of claim 2741. wherein the produced mixture comprises ammonia, 
and wherein the ammonia is used to produce fertilizer. 



2767. The method of claim 2741, further comprising controlling a pressure within at 
least a majority of the selected section of the formation wherein the controlled pressure 
is at least about 2.0 bar absolute. 



2768. The method of claim 2741 , further comprising controlling formation conditions to 
produce the mixture, wherein a partial pressure yof H? within the mixture is greater than 
about 0.5 bar. 



2769. The method of claim 2768, wherein the partial pressure of H2 within the mixture 
is measured when the mixture is at a production well. 



2770. The method of claim 2741, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 



2771. The method of claim 2J41, further comprising controlling formation conditions 
by recirculating a portion of hydrogen from the mixture into the formation. 



2772. The method of claim 274 1 , further comprising: 

providing hydrogen (H2) to the selected section to hydrogenate hydrocarbons 



within the selected section: and 



ion/< 



heating a portion'of the selected section with heat from hydrogenation. 



2773. The method of^claim 2741, further comprising: 

producing hydrogen and condensable hydrocarbons from the formation; and 
hydrogenating^a portion of the produced condensable hydrocarbons with at least a 

portion of the produced hydrogen. 
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2774. The method of claim 2741 5 wherein allowing the heat tjp transfer comprises 
increasing a permeability of a majority of the selected sectiqri to greater than about 100 
millidarcy. 



2775. The method of claim 2741, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 



2776. The method of claim 2741, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by the Fischer 
Assay. 



2777. The method of claim 2741, wherein ft. least about 7 heat sources are disposed in 
the formation for each production well. 



2778. The method of claim 2741, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation iiya unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 



2779. The method of claim 2741, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to /form a repetitive pattern of units. 



2780. A system configured topeat a hydrocarbon containing formation, comprising: 

a heater disposed in an/opening in the formation, wherein the heater is configured 

to provide heat to at least a portion of the formation during use; 
an oxidizing fluid source; 



the 



a conduit disposed in 
oxidizing fluid from the oxidifcin 



opening, wherein the conduit is configured to provide an 
ing fluid source to a reaction zone in the formation during 
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use. and wherein the oxidizing fluid is selected to oxidize at least some hydrocarbons at 
the reaction zone during use such that heat is generated at the reaction zone; and 

wherein the system is configured to allow heat to transfer substantially by 
conduction from the reaction zone to a pyrolysis zone of the formation during use. 

2781. The system of claim 2780. wherein the/oxidizing fluid is configured to generate 
heat in the reaction zone such that the oxidizing fluid is transported through the reaction 
zone substantially by diffusion. 



2782. The system of claim 2780, whereip the conduit comprises orifices, and wherein 
the orifices are configured to provide the oxidizing fluid into the opening. 

2783. The system of claim 2780, whferein the conduit comprises critical flow orifices, 
and wherein the critical flow orifice/ are configured to control a flow of the oxidizing 
fluid such that a rate of oxidation ifl the formation is controlled. 



2784. The system of claim 2780, wherein the conduit is further configured to be cooled 
with the oxidizing fluid such ttat the conduit is not substantially heated by oxidation. 

2785. The system of claim ^780, wherein the conduit is further configured to remove an 
oxidation product. 



2786. The system of claim 2780, wherein the conduit is further configured to remove an 
oxidation product such th£t the oxidation product transfers substantial heat to the 
oxidizing fluid. 



2787. The system of claim 2780, wherein the conduit is further configured to remove an 
oxidation product, and wherein a flow rate of the oxidizing fluid in the conduit is 
approximately equal to k flow rate of the oxidation product in the conduit. 
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2788. The svstem of claim 2780. wherein the conduit is further configured to remove an 
oxidation product, and wherein a pressure of the oxidizing fl.^id in the conduit and a 
pressure of the oxidation product in the conduit are controlj/d to reduce contamination of 
the oxidation product by the oxidizing fluid. 



2789. The system of claim 2780, wherein the conduit is further configured to remove an 
oxidation product, and wherein the oxidation product is substantially inhibited from 
flowing into portions of the formation beyond the reaction zone. 



2790. The system of claim 2780. wherein the ox/dizine fluid is substantiallv inhibited 
from flowing into portions of the formation beyond the reaction zone. 



2791 . The system of claim 2780. further comprising a center conduit disposed within 
the conduit, wherein the center conduit is configured to provide the oxidizing fluid into 
the opening during use. and wherein the cgnduit is further configured to remove an 
oxidation product during use. 



2792. The system of claim 2780, wherein the portion of the formation extends radially 
from the opening a width of less than/approximately 0.2 m. 



2793. The system of claim 2780, farther comprising a conductor disposed in a second 
conduit, wherein the second conduit is disposed within the opening, and wherein the 
conductor is configured to heat at /least a portion of the formation during application of an 
electrical current to the conductor. 



2794. The system of claim 2780. further comprising an insulated conductor disposed 
within the opening, wherein the insulated conductor is configured to heat at least a 
portion of the formation during application of an electrical current to the insulated 
conductor. 
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2795. The system of claim 2780, further comprising at least one elongated member 
disposed within the opening, wherein the at least the one elongated member is configured 
to heat at least a portion of the formation during application/of an electrical current to the 
at least the one elongated member. / / 

/ / 

2796. The system of claim 2780, further comprising aiieat exchanger disposed external 
to the formation, wherein the heat exchanger is configured to heat the oxidizing fluid, 
wherein the conduit is further configured to provide me heated oxidizing fluid into the 
opening during use ; and wherein the heated oxidizi/g fluid is configured to heat at least a 
portion of the formation during use. / 

2797. The system of claim 2780, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing \l disposed in an overburden of the 
formation. / 

2798. The system of claim 2780, fiirthe/ comprising an overburden casing coupled to 
the opening, wherein the overburden ca/ing is disposed in an overburden of the 
formation, and wherein the overburdeyf casing comprises steel. 

2799. The system of claim 2780, farther comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 

2800. The system of claim 2780, further comprising an overburden casing coupled to 
the opening, wherein a packing/material is disposed at a junction of the overburden 
casing and the opening. / 

2801 . The system of claim 2780, further comprising an overburden casing coupled to 
the opening, wherein the ovdrburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
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and the opening, and wherein the packing material is configured to substantially inhibit a 
flow of fluid between the opening and the overburden casing during use. 



2802. The system of claim 2780. further comprising[an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material comprises cement. 

2803. The system of claim 2780. wherein the system is further configured such that 
transferred heat can pyrolyze at least some hydrocarbons in the pyrolysis zone. 

2804. A system configurable to heat/a hydrocarbon containing formation, comprising: 
a heater configurable to be disposed in an opening in the formation, wherein the 

heater is further configurable to provide heat to at least a portion of the formation during 
use; / 

a conduit configurable Xp be disposed in the opening, wherein the conduit is 
configurable to provide an oxidizing fluid from an oxidizing fluid source to a reaction 
zone in the formation duringyuse. and wherein the system is configurable to allow the 
oxidizing fluid to oxidize at/least some hydrocarbons at the reaction zone during use such 
that heat is generated at the reaction zone; and 

wherein the system is further configurable to allow heat to transfer substantially' 
by conduction from the reaction zone to a pyrolysis zone of the formation during use. 

2805. The system of c/aim 2804. wherein the oxidizing fluid is configurable to generate 
heat in the reaction zone such that the oxidizing fluid is transported through the reaction 
zone substantially by diffusion. 

2806. The system oi claim 2804, wherein the conduit comprises orifices, and wherein 
the orifices are configurable to provide the oxidizing fluid into the opening. 
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2807. The system of claim 2804. wherein the conduit comprises critical flow orifices, 
and wherein the critical flow orifices are configurable to control a flow of the oxidizing 
fluid such that a rate of oxidation in the formation is controlled. 



2808. The system of claim 2804 ; wherein the conduit itf further configurable to be 
cooled with the oxidizing fluid such that the conduit is/not substantially heated bv 
oxidation. 



2809. The system of claim 2804. wherein the copduit is further configurable to remove 
an oxidation product. 



2810. The system of claim 2804. wherein tl^e conduit is further configurable to remove 
an oxidation product, such that the oxidation product transfers heat to the oxidizing fluid. 



281 1 . The system of claim 2804. wherein the conduit is further configurable to remove 
an oxidation product, and wherein a flc^w rate of the oxidizing fluid in the conduit is 
approximately equal to a flow rate^o^he oxidation product in the conduit. 

2812. The system of claim 2804ywherein the conduit is further configurable to remove 
an oxidation product, and wherein a pressure of the oxidizing fluid in the conduit and a 
pressure of the oxidation product in the conduit are controlled to reduce contamination of 
the oxidation product by the oxidizing fluid. 



2813. The system of clainy2804. w r herein the conduit is further configurable to remove 
an oxidation product, and ^herein the oxidation product is substantially inhibited from 
flowing into portions of the formation beyond the reaction zone. 



2814. The system of c/aim 2804. wherein the oxidizine fluid is substantially inhibited 

/ 

from flowing into portions of the formation beyond the reaction zone. 
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2815. The system of claim 2804, further comprising a center conduit disposed within 
the conduit, wherein center conduit is configurable to provide 'the oxidizing fluid into the 
opening during use, and wherein the conduit is further configurable to remove an 
oxidation product during use. 



2816. The system of claim 2804. wherein the portion of the formation extends radially 
from the opening a width of less than approximately 0.2 m. 



28 1 7. The system of claim 2804, further comprising a conductor disposed in a second 
conduit, wherein the second conduit is disposed within the opening, and wherein the 
conductor is configurable to heat at least a portion of the formation during application of 
an electrical current to the conductor. 



281 8. The system of claim 2804. further comprising an insulated conductor disposed 
within the opening, wherein the insulated conductor is configurable to heat at least a 
portion of the formation during application of an electrical current to the insulated 
conductor. 



2819. The system of claim 2804( further comprising at least one elongated member 
disposed within the opening, wherein the at least the one elongated member is 
configurable to heat at least a portion of the formation during application of an electrical 
current to the at least the one elongated member. 



2820. The system of claim 2804, further comprising a heat exchanger disposed external 
to the formation, wherein th£ heat exchanger is configurable to heat the oxidizing fluid, 
wherein the conduit is further configurable to provide the heated oxidizing fluid into the 
opening during use, and wfterein the heated oxidizing fluid is configurable to heat at least 
a portion of the formation Muring use. 
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282 1 . The system of claim 2804, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed/n an overburden of the 
formation. 



2822. The system of claim 2804, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 

2823. The system of claim 2804, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing/Is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 

2824. The system of claim 2804, further comprising an overburden casing coupled to 
the opening, wherein a packing mater/al is disposed at a junction of the overburden 
casing and the opening. 

2825. The system of claim 2804( further comprising an overburden casing coupled to 
the opening, wherein the overbidden casing is disposed in an overburden of the 
formation, wherein a packing tfhaterial is disposed at a junction of the overburden casing 
and the opening, and whereir/the packing material is configurable to substantially inhibit 
a flow of fluid between the Opening and the overburden casing during use. 

2826. The system of claifti 2804, further comprising an overburden casing coupled to 
the opening, wherein the ftverburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wHerein the packing material comprises cement. 

2827. The system of c/laim 2804, wherein the system is further configurable such that 
transferred heat can p\frolyze at least some hydrocarbons in the pyrolysis zone. 



2828. An in situ method for heating a hydrocarbon containing formation, comprising: 
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heating a portion of the formation to a temperature sufficient to support reaction 
of hydrocarbons within the portion of the formation with an oxidizing fluid; 

providing the oxidizing fluid to a react/on zone in the formation; 

allowing the oxidizing fluid to react with at least a portion of the hydrocarbons at 
the reaction zone to generate heat at the reaction zone; and 

transferring the generated heat substantially by conduction from the reaction zone 
to a pyrolysis zone in the formation. 



2829. The method of claim 2828. furper comprising transporting the oxidizing fluid 
through the reaction zone by diffusion. 



2830. The method of claim 2828yfurther comprising directing at least a portion of the 
oxidizing fluid into the opening through orifices of a conduit disposed in the opening. 

283 1 . The method of claim 2828, further comprising controlling a flow of the oxidizing 
fluid with critical flow orifice^ of a conduit disposed in the opening such that a rate of 
oxidation is controlled. 



2832. The method of claim 2828, further comprising increasing a flow of the oxidizing 
fluid in the opening to accommodate an increase in a volume of the reaction zone such 
that a rate of oxidation is substantially constant over time within the reaction zone. 



2833. The method of claim 2828. wherein a conduit is disposed in the opening, the 
method further comprising cooling the conduit with the oxidizing fluid to reduce heating 
of the conduit by oxidation. 



2834. The method oijclaimJ2828, wherein a conduit is disposed within the opening, the 
method further comprising removing an oxidation product from the formation through 
the conduit. 
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2835. The method of claim 2828. wherein a conduit is disposed within the opening, the 
method further comprising removing an oxidation product from the formation through 
the conduit and transferring heat from the oxidation prqauct in the conduit to oxidizing 
fluid in the conduit. 



2836. The method of claim 2828, wherein a conduit is disposed within the opening, the 
method further comprising removing an oxidation product from the formation through 
the conduit, wherein a flow rate of the oxidizing fluid in the conduit is approximately 
equal to a flow rate of the oxidation product in the conduit. 



2837. The method of claim 2828, wherein'a conduit is disposed within the opening, the 
method further comprising removing an oxidation product from the formation through 
the conduit and controlling a pressure between the oxidizing fluid and the oxidation 
product in the conduit to reduce contamination of the oxidation product by the oxidizing 
fluid. 



2838. The method of claim 2828/ wherein a conduit is disposed within the opening, the 
method further comprising removing an oxidation product from the formation through 
the conduit and substantially inhibiting the oxidation product from flowing into portions 
of the formation bevond the reaction zone. 



2839. The method of claim 2828, further comprising substantially inhibiting the 
oxidizing fluid from flowing into portions of the formation beyond the reaction zone. 

2840. The method of dlaim 2828, wherein a center conduit is disposed within an outer 
conduit, and wherein the outer conduit is disposed within the opening, the method further 
comprising providing the oxidizing fluid into the opening through the center conduit and 
removing an oxidation product through the outer conduit. 

2841 . The methodfof claim 2828, wherein the portion of the formation extends radially 
from the opening a width of less than approximately 0.2 m. 
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2842. The method of claim 2828, wherein heating the portion comprises applying 
electrical current to a conductor disposed in a conduit, jmerein the conduit is disposed 
within the opening. 



2843. The method of claim 2828, wherein heating pe portion comprises applying 
electrical current to an insulated conductor disposed within the opening. 



2844. The method of claim 2828, wherein heatmg the portion comprises applying 
electrical current to at least one elongated member disposed within the opening. 



2845. The method of claim 2828, wherem/heating the portion comprises heating the 
oxidizing fluid in a heat exchanger disposed external to the formation such that providing 
the oxidizing fluid into the opening comprises transferring heat from the heated oxidizing 
fluid to the portion. 



2846. The method of claim 2828. farther comprising removing water from the formation 
prior to heating the portion. 



2847. The method of claim 2828, further comprising controlling the temperature of the 
formation to substantially inhibit production of oxides of nitrogen during oxidation. 



2848. The method of claim 2828, further comprising, coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation. 



2849. The method of claim 2828, further comprising coupling an overburden casing to 
the opening, wherein the/overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 
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2850. The method of claim 2828, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further/disposed in cement. 

j 

285 1 . The method of claim 2828 ; further comprising coupling an overburden casing to 
the opening, wherein a packing material is disposed^ a junction of the overburden 
casing and the opening. 



2852. The method of claim 2828, wherein the pyrolysis zone is substantially adjacent to 
the reaction zone. 



2853. A system configured to heat a hydrocarbon containing formation, comprising: 

a heater disposed in an opening irythe formation, wherein the heater is configured 

to provide heat to at least a portion of tl^e formation during use; 
an oxidizing fluid source; 

a conduit disposed in the opening, wherein the conduit is configured to provide an 



en 



oxidizing fluid from the oxidizing fluid source to a reaction zone in the formation during 
use, wherein the oxidizing fluid is selected to oxidize at least some hydrocarbons at the 
reaction zone during use such that heat is generated at the reaction zone, and wherein the 
conduit is further configured to Remove an oxidation product from the formation during 
use; and 

wherein the system is Configured to allow heat to transfer substantially by 
conduction from the reaction sone to a pyrolysis zone of the formation during use. 



2854. The system of claim' 2853, wherein the oxidizing fluid is configured to generate 
heat in the reaction zone si/ch that the oxidizing fluid is transported through the reaction 
zone substantially by diffi/sion. 



2855. The system of claim 2853, wherein the conduit comprises orifices, and wherein 
the orifices are configured to provide the oxidizing fluid into the opening. 
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2856. The system of claim 2853, wherein the conduit comprises critical flow orifices, 
and wherein the critical flow orifices are configured to control a flow of the oxidizing 
fluid such that a rate of oxidation in the formation is Controlled. 



2857. The system of claim 2853, wherein the conduit is further configured to be cooled 
with the oxidizing fluid such that the conduit is not substantially heated by oxidation. 

2858. The system of claim 2853. wherein the conduit is further configured such that the 
oxidation product transfers heat to the oxidizing fluid. 



2859. The system of claim 2853, wherein a flow rate of the oxidizing fluid in the 
conduit is approximately equal to a flow rate of the oxidation product in the conduit. 



2860. The system of claim 2853, wherein a pressure of the oxidizing fluid in the conduit 
and a pressure of the oxidation product in the conduit are controlled to reduce 
contamination of the oxidation product by the oxidizing fluid. 



2861. The system of claim 2853,/wherein the oxidation product is substantially inhibited 
from flowing into portions of the/formation beyond the reaction zone. 



2862. The system of claim 2853, wherein the oxidizing fluid is substantially inhibited 
from flowing into portions of /he formation beyond the reaction zone. 



2863. The system of claim 2853, further comprising a center conduit disposed within 
the conduit, wherein the cerjxer conduit is configured to provide the oxidizing fluid into 
the opening during use. 



2864. The system of claim 2853, wherein the portion of the formation extends radially 
from the opening a width lof less than approximately 0.2 m. 



Conley, Rose & Tayon, P C. 



286,. The system of claim 2853, further comprising a conductor disposed in a second 
conduit, wherein the second conduit is disposed within the openine, and wherein the 
conductor is configured to heat at least a portion of theirmation during application of an 

electrical current to the conductor. 



2866. The system of claim 2853, further compns/ng an insu.ated conductor disposed 
w.th,n the opening, wherein the insulated conduc/or is configured to heat at least a 
portion of the formation during application of a/ electrical current to the insulated 

conductor. 



2867. The sys.em of claim 2853, further comprising at leas, one elongated member 
d,sposed within the opening, wherein the /leas, the one elongated member is confined 
to hea. a. leas, a portion of the forma.io n /during application of an electrical current to ,he 

at least the one elongated member. 



2868. The system of c laim 2 8 5 3 , further 
to the formation, wherein the heat e/chan 
wherein the conduit is further 



comprising a heat exchanger disposed external 
ger is configured to heat the oxidizing fluid, 
ured to provide the heated oxidizing fluid into the 
opening during use, and wherein trie heated oxidizing fluid is configured to heat at least a 
portion of the formation during use. 
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2869. The system of claim 285*. further comprising an overburden casing coupled to 
the opening, wherein the overbidden casing is disposed in an overburden of the 
formation. 



^-870. The system of claim 2 js3, further comprising an overburden casing coupled to 
the opening, wherein the overturden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 
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2871. The system of claim 2853, further comprising ail overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 

2872. The system of claim 2853. further comprising an overburden casing coupled to 
the opening, wherein a packing material is disposed at a junction of the overburden 
casing and the opening. / 

2873. The system of claim 2853. further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is di/posed at a junction of the overburden casing 
and the opening, and wherein the packing/naterial is configured to substantially inhibit a 
flow of fluid between the opening and the overburden casing during use. 

2874. The system of claim 2853, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material comprises cement. 

2875. The system of claim 2853/ wherein the system is further configured such that 
transferred heat can pyrolyze at least some hydrocarbons in the pyrolysis zone. 

2876. A system configurable io heat a hydrocarbon containing formation, comprising: 
a heater configurable to be disposed in an opening in the formation, wherein the 

heater is further configurable to provide heat to at least a portion of the formation during 
use; / 



a conduit configurable to be disposed in the opening, wherein the conduit is 
further configurable to provide an oxidizing fluid from an oxidizing fluid source to a 
reaction zone in the formation during use, wherein the system is configurable to allow the 
oxidizing fluid to oxidize at least some hydrocarbons at the reaction zone during use such 
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that heat is generated at the reaction zone, and wherein the conduit is further configurable 

to remove an oxidation product from the formation during use; and 

/ ■ 

wherein the system is further configurable to Allow heat to transfer substantially 
by conduction from the reaction zone to a pyrolysis zone during use. 



2877. The system of claim 2876, wherein the o?cidizing fluid is configurable to generate 
heat in the reaction zone such that the oxidizing/fluid is transported through the reaction 
zone substantially by diffusion. 



2878. The system of claim 2876, wherein the conduit comprises orifices, and wherein 
the orifices are configurable to provide the/oxidizing fluid into the opening. 



2879. The system of claim 2876, wherein the conduit comprises critical flow orifices, 
and wherein the critical flow orifices are configurable to control a flow of the oxidizing 
fluid such that a rate of oxidation in tMe formation is controlled. 



2880. The system of claim 2876, wherein the conduit is further configurable to be 
cooled with the oxidizing fluid such that the conduit is not substantially heated by 
oxidation. 



2881 . The system of claim 2876, wherein the conduit is further configurable such that 
the oxidation product transfers [heat to the oxidizing fluid. 



2882. The system of claim 2876, wherein a flow rate of the oxidizing fluid in the 
conduit is approximately equil to a flow rate of the oxidation product in the conduit. 



2883. The system of claim E876, wherein a pressure of the oxidizing fluid in the conduit 
and a pressure of the oxidation product in the conduit are controlled to reduce 
contamination of the oxidation product by the oxidizing fluid. 
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2884. The system of claim 2876, wherein the oxidation product is substantially inhibited 
from flowing into portions of the formation beyond thfe reaction zone. 

2885. The svstem of claim 2876. wherein the oxidizing fluid is substantially inhibited 
from flowing into portions of the formation beyond the reaction zone. 



2886. The system of claim 2876, further comprising a center conduit disposed within 
the conduit, wherein center conduit is configyrable to provide the oxidizing fluid into the 
opening during use. 



2887. The system of claim 2876, wherein the portion of the formation extends radially 
from the opening a width of less than approximately 0.2 m. 



2888. The system.of claim 2876, fuyfher comprising a conductor disposed in a second 
conduit, wherein the second conduit/is disposed within the opening, and wherein the 
conductor is configurable to heat a/least a portion of the formation during application of 
an electrical current to the conductor. 



2889. The system of claim 28/76, further comprising an insulated conductor disposed 
within the opening, wherein tMe insulated conductor is configurable to heat at least a 
portion of the formation duripg application of an electrical current to the insulated 
conductor. 



2890. The system of claim 2876, further comprising at least one elongated member 
disposed within the opening, wherein the at least the one elongated member is 
configurable to heat at least a portion of the formation during application of an electrical 
current to the at least the pne elongated member. 



2891. The system of claim 2876, further comprising a heat exchanger disposed external 



to the formation, wherei 



i the heat exchanger is configurable to heat the oxidizing fluid. 



wherein the conduit is further configurable to provide the heated oxidizing fluid into the 
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opening during use, and wherein the heated oxidizing fluid is configurable to heat at least 
a portion of the formation during use. ,. \ 

/ i 

2892. The system of claim 2876, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing fs disposed in an overburden of the 
formation. 



2893. The system of claim 2876, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 



2894. The system of claim 2876, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overpurden casing is further disposed in cement. 



2895. The system of claim 2876, further comprising an overburden casing coupled to 
the opening, wherein a packi/ig material is disposed at a junction of the overburden 
casing and the opening. 



2896. The system of claim 2876, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wh ;rein the packing material is configurable to substantially inhibit 
a flow of fluid between the opening and the overburden casing during use. 



2897. The system 
the opening, wherein the 
formation, wherein a 



of cl&im 2876, further comprising an overburden casing coupled to 
overburden casing is disposed in an overburden of the 
ing material is disposed at a junction of the overburden casing 
and the opening, and whferein the packing material comprises cement. 
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2898. The system of claim 2876. wherein the system is further configurable such that 

transferred heat can pyrolyze at least some hydrocarbons in the pyrolysis zone. 

/ . 

/; 

2899. An in situ method for heating a hydrocarbon containing formation, comprising: 
heating a portion of the formation to a tempepture sufficient to support reaction of 
hydrocarbons within the portion of the formation with an oxidizing fluid, wherein the 
portion is located substantially adjacent to an opening in the formation; 

providing the oxidizing fluid to a reaction zone in the formation; 

allowing the oxidizing gas to reaor with at least a portion of the hydrocarbons at 
the reaction zone to generate heat in the/reaction zone; 

removing at least a portion of an oxidation product through the opening; and 

transferring the generated heat? substantially bv conduction from the reaction zone 
to a pyrolysis zone in the formation. 



2900. The method of claim 2899( further comprising transporting the oxidizing fluid 
through the reaction zone by diffusion. 



2901 . The method of claim 2899, further comprising directing at least a portion of the 
oxidizing fluid into the opening through orifices of a conduit disposed in the opening. 



2902. The method of claiy 2899, further comprising controlling a flow of the oxidizing 
fluid with critical flow orifices of a conduit disposed in the opening such that a rate of 
oxidation is controlled. 



2903. The method of claim 2899, further comprising increasing a flow of the oxidizing 
fluid in the opening to accommodate an increase in a volume of the reaction zone such 
that a rate of oxidation is substantially maintained within the reaction zone. 



2904. The method of claim 2899, wherein a conduit is disposed in the opening, the 
method further comprising cooling the conduit with the oxidizing fluid such that the 
conduit is not substantially heated by oxidation. 
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2905. The method of claim 2899, wherein a conduit is disposed within the opening, and 
wherein removing at least the portion of the oxidation product through the opening 
comprises removing at least the portion of the oxidation product through the conduit. 



2906. The method of claim 2899, wherein a/conduit is disposed within the opening, and 
wherein removing at least the portion of the/oxidation product through the opening 
comprises removing at least the portion otrthe oxidation product through the conduit, the 
method further comprising transferring substantial heat from the oxidation product in the 
conduit to the oxidizing fluid in the conjfluit. 



2907. The method of claim 2899 ? wfierein a conduit is disposed within the opening, 
wherein removing at least the portion of the oxidation product through the opening 
comprises removing at least the portion of the oxidation product through the conduit, and 
wherein a flow rate of the oxidizing fluid in the conduit is approximately equal to a flow 
rate of the oxidation product in /he conduit. 



2908. The method of claim 2899, wherein a conduit is disposed within the opening, and 
wherein removing at least the portion of the oxidation product through the opening 
comprises removing at least the portion of the oxidation product through the conduit, the 
method further comprising controlling a pressure between the oxidizing fluid and the 
oxidation product in the cpnduit to reduce contamination of the oxidation product by the 
oxidizing fluid. 



2909. The method of claim 2899, wherein a conduit is disposed within the opening, and 
wherein removing at least the portion of the oxidation product through the opening 
comprises removing at /least the portion of the oxidation product through the conduit, the 
method further comprising substantially inhibiting the oxidation product from flowing 
into portions of the formation beyond the reaction zone. 
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2910. The method of claim 2899, further comprising substantially inhibiting the 

oxidizing fluid from flowing into portions of the format jon beyond the reaction zone. 

/ 

i 

291 1. The method of claim 2899, wherein a center conduit is disposed within an outer 
conduit, and wherein the outer conduit is disposed vyfthin the opening, the method further 
comprising providing the oxidizing fluid into the opening through the center conduit and 
removing at least a portion of the oxidation product through the outer conduit. 



2912. The method of claim 2899, wherein the portion of the formation extends radially 
from the opening a width of less than approximately 0.2 m. 



2913. The method of claim 2899, where/n heating the portion comprises applying 
electrical current to a conductor disposed in a conduit, wherein the conduit is disposed 
within the opening. 



2914. The method of claim 2899, wherein heating the portion comprises applying 
electrical current to an insulated conductor disposed within the opening. 



2915. The method of claim 2899, wherein heating the portion comprises applying 
electrical current to at least one elongated member disposed within the opening. 



2916. The method of claim j2899, wherein heating the portion comprises heating the 
oxidizing fluid in a heat exchanger disposed external to the formation such that providing 
the oxidizing fluid into the ppening comprises transferring heat from the heated oxidizing 
fluid to the portion. 



2917. The method of claim 2899, further comprising removing water from the formation 
prior to heating the portion. 



291 8. The method of claim 2899, further comprising controlling the temperature of the 
formation to substantially inhibit production of oxides of nitrogen during oxidation. 
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2919. The method of claim 2899, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation. / 

2920. The method of claim 2899, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is aisposed in an overburden of the 
formation, and wherein the overburden casing/comprises steel. 

292 1 . The method of claim 2899, further Comprising coupling an overburden casing to 
the opening, wherein the overburden casj^ig is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 

2922. The method of claim 2899, farther comprising coupling an overburden casing to 
the opening, wherein a packing material is disposed at a junction of the overburden 
casing and the opening. / 

2923. The method of claim 2&99, wherein the pyrolysis zone is substantially adjacent to 
the reaction. / 

2924. A system configuredrto heat a hydrocarbon containing formation, comprising: 
an electric heater disposed in an opening in the formation, wherein the electric 

heater is configured to provide heat to at least a portion of the formation during use; 
an pxidizing fluid source; 

a conduit disposed in the opening, wherein the conduit is configured to provide an 
oxidizing fluid from the Oxidizing fluid source to a reaction zone in the formation during 
use, and wherein the oxidizing fluid is selected to oxidize at least some hydrocarbons at 
the reaction zone during use such that heat is generated at the reaction zone; and 

wherein the system is configured to allow heat to transfer substantially by 
conduction from the reaction zone to a pyrolysis zone of the formation during use. 
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2925. The system of claim 2924. wherein the oxidizing fluid is configured to generate 
heat in the reaction zone such that the oxidizing fluid is transported through the reaction 



zone substantially by diffusion. 



/ 



2926. The system of claim 2924, wherein the conduit comprises orifices, and wherein 
the orifices are configured to provide the oxidizing fluid into the opening. 



2927. The system of claim 2924 ? wherein the conduit comprises critical flow orifices, 
and wherein the critical flow orifices are configured to control a flow of the oxidizing 
fluid such that a rate of oxidation in the formation is controlled. 



2928. The svstem of claim 2924, wherein the conduit is further configured to be cooled 
with the oxidizing fluid such that the conduit is not substantially heated by oxidation. 



2929. The system of claim 292/. wherein the conduit is further configured to remove an 
oxidation product. 



2930. The system of claim £924, wherein the conduit is further configured to remove an 
oxidation product, such that the oxidation product transfers heat to the oxidizing fluid. 



293 1 . The system of claim 2924, wherein the conduit is further configured to remove an 
oxidation product, and wherein a flow rate of the oxidizing fluid in the conduit is 
approximately equal to a flow rate of the oxidation product in the conduit. 



2932. The system or claim 2924, wherein the conduit is further configured to remove an 
oxidation product, and wherein a pressure of the oxidizing fluid in the conduit and a 
pressure of the oxidation product in the conduit are controlled to reduce contamination of 
the oxidation product by the oxidizing fluid. 
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2933. The system of claim 2924, wherein the conduit is further configured to remove an 
oxidation product, and wherein the oxidation product is substantially inhibited from 
flowing into portions of the formation beyond the reaction zone. 



2934. The system of claim 2924, wherein the oxidizing fluidj is substantially inhibited 
from flowing into portions of the formation beyond the /eaction zone. 



2935. The system of claim 2924, further comprising a center conduit disposed within 
the conduit, wherein the center conduit is configured to provide the oxidizing fluid into 
the opening during use, and wherein the conduit/s further configured to remove an 
oxidation product during use. 



2936. The system of claim 2924, whereinyfhe portion of the formation extends radially 
from the opening a width of less than approximately 0.2 m. 



2937. The system of claim 2924, fiirtoer comprising an overburden casing coupled to 
the opening, wherein the overburdeiycasing is disposed in an overburden of the 
formation. 



2938. The system of claim 2924, further comprising an overburden casing coupled to 
the opening; wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 



2939. The system of claim £924, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein thef overburden casing is further disposed in cement. 



2940. The system of claim 2924, further comprising an overburden casing coupled to 
the opening, wherein a packing material is disposed at a junction of the overburden 
casing and the opening. 
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2941 . The system of claim 2924, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein the packing mate/ial is configured to substantially inhibit a 
flow of fluid between the opening and the overburden casing during use. 



2942. The system of claim 2924, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material isr disposed at a junction of the overburden casing 
and the opening, and wherein the pack/ng material comprises cement. 



2943. The system of claim 2924, wherein the system is further configured such that 
transferred heat can pyrolyze at least some hydrocarbons in the pyrolysis zone. 



2944. A system configurable to heat a hydrocarbon containing formation, comprising: 

an electric heater configurable to be disposed in an opening in the formation, 
wherein the electric heater is further configurable to provide heat to at least a portion of 
the formation during use, ai^a wherein at least the portion is located substantially adjacent 
to the opening; 

a conduit configurable to be disposed in the opening, wherein the conduit is 
further configurable to provide an oxidizing fluid from an oxidizing fluid source to a 
reaction zone in the formation during use, and wherein the system is configurable to 
allow the oxidizing fluid to oxidize at least some hydrocarbons at the reaction zone 
during use such that hea: is generated at the reaction zone; and 

wherein the sysiem is further configurable to allow heat to transfer substantially 
by conduction from theieaction zone to a pyrolysis zone of the formation during use. 



2945. The system of c 



zone substantially by di 



aim 2944, wherein the oxidizing fluid is configurable to generate 



heat in the reaction zone such that the oxidizing fluid is transported through the reaction 



fusion. 
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2946. The system of claim 2944, wherein the conduit comprises orifices, and wherein 
the orifices are configurable to provide the oxidizing fluid into the opening. 

2947. The system of claim 2944, wherein the conduit comprises critical flow orifices, 
and wherein the critical flow orifices are configurable toxontrol a flow of the oxidizing 
fluid such that a rate of oxidation in the formation is controlled. 

2948. The system of claim 2944. wherein the cortauit is further configurable to be 
cooled with the oxidizing fluid such that the conduit is not substantially heated by 
oxidation. / 

2949. The system of claim 2944, wherein/he conduit is further configurable to remove 
an oxidation product. / 

2950. The system of claim 2944. wherein the conduit is further configurable to remove 
an oxidation product such that the oxidation product transfers heat to the oxidizing fluid. 

295 1 . The system of claim 2944/ wherein the conduit is further configurable to remove 
an oxidation product, and wherein a flow rate of the oxidizing fluid in the conduit is 
approximately equal to a flow /ate of the oxidation product in the conduit. 

2952. The system of claim£944, wherein the conduit is further configurable to remove 
an oxidation product, and wherein a pressure of the oxidizing fluid in the conduit and a 
pressure of the oxidation product in the conduit are controlled to reduce contamination of 
the oxidation product by *he oxidizing fluid. 

2953. The system of claim 2944, wherein the conduit is further configurable to remove 
an oxidation product, and wherein the oxidation product is substantially inhibited from 
flowing into portions of the formation beyond the reaction zone. 
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2954. The system of claim 2944, wherein the oxidizing fluid is substantially inhibited 
from flowing into portions of the formation beyond the reaction zone. 



2955. The system of claim 2944. further comprising a center conduit disposed within 
the conduit, wherein center conduit is configurable to provide the oxidizing fluid into the 
opening during use. and wherein the conduit is furthe/ configurable to remove an 
oxidation product during use. 



2956. The system of claim 2944, wherein the po/tion of the formation extends radially 
from the opening a width of less than approximately 0.2 m. 



2957. The system of claim 2944, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing/is disposed in an overburden of the 
formation. 



2958. The system of claim 2944, further comprising an overburden casing coupled to 
the opening, wherein the overburden Rising is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 



2959. The system of claim 2944, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 



2960. The system of claim 294ft. further comprising an overburden casing coupled to 
the opening, wherein a packing /material is disposed at a junction of the overburden 
casing and the opening. 



296 1 . The system of claim 2944. further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
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and the opening, and wherein the packing material is configurable to substantially inhibit 
a flow of fluid between the opening and the overburden casing during use. 



2962. The system of claim 2944 ; further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 



/. 



formation, wherein a packing material is disposed aft ap unction of the overburden casing 
and the opening, and wherein the packing material comprises cement. 

\ 

2963. The system ot claim 2944. wherein the system is further configurable such that 
transferred heat can pyrolyze at least some hydrocarbons in the pyrolysis zone. 



2964. A system configured to heat a hydrocarbon containing formation, comprising: 

a conductor disposed in a first conauit. wherein the first conduit is disposed in an 

opening in the formation, and wherein the conductor is configured to provide heat to at 

least a portion of the formation during u/e; 
an oxidizing fluid source; 

a second conduit disposed in tMe opening, wherein the second conduit is 
configured to provide an oxidizing fluid from the oxidizing fluid source to a reaction 
zone in the formation during use, and wherein the oxidizing fluid is selected to oxidize at 
least some hydrocarbons at the reaqxion zone during use such that heat is generated at the 
reaction zone; and 

wherein the system is configured to allow heat to transfer substantially by 
conduction from the reaction zone to a pyrolysis zone of the formation during use. 



2965. The system of claim 2964, wherein the oxidizing fluid is configured to generate 
heat in the reaction zone such tnat the oxidizing fluid is transported through the reaction 
zone substantially by diffusion. 



2966. The system of claim 2964, wherein the second conduit comprises orifices, and 
wherein the orifices are configured to provide the oxidizing fluid into the opening. 
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2967. The system of claim 2964. wherein the second conduit comprises critical flow 

orifices, and wherein the critical flow orifices are configured to control a flow of the 

7 . 

oxidizing fluid such that a rate of oxidation in the formation is controlled. 



2968. The system of claim 2964, wherein the second^ conduit is further configured to be 
cooled with the oxidizing fluid to reduce heating of me second conduit by oxidation. 



2969. The system of claim 2964, wherein the second conduit is further configured to 
remove an oxidation product. 



2970. The system of claim 2964, wherein me second conduit is further configured to 
remove an oxidation product such that the^oxidation product transfers heat to the 
oxidizing fluid. 



2971. The system of claim 2964, wherein the second conduit is further configured to 
remove an oxidation product, and wMerein a flow rate of the oxidizing fluid in the conduit 
is approximately equal to a flow ra/e of the oxidation product in the second conduit. 



2972. The system of claim 2964, wherein the second conduit is further configured to 
remove an oxidation product, and wherein a pressure of the oxidizing fluid in the second 
conduit and a pressure of the oxidation product in the second conduit are controlled to 
reduce contamination of the oxidation product by the oxidizing fluid. 



2973. The system of claim 2964, wherein the second conduit is further configured to 
remove an oxidation product, and wherein the oxidation product is substantially inhibited 
from flowing into portions of the formation beyond the reaction zone. 



2974. The system of claim 2964, wherein the oxidizing fluid is substantially inhibited 
from flowing into portions of the formation beyond the reaction zone. 
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2975. The system of claim 2964, further comprising a center conduit disposed within 
the second conduit, wherein the center conduit is configured to provide the oxidizing 
fluid into the opening during use, and wherein the second conduit is further configured to 
remove an oxidation product during use. / * 

2976. The system of claim 2964, wherein tl/e portion of the formation extends radially 
from the opening a width of less than approximately 0.2 m. 

2977. The system of claim 2964, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation. , / 

2978. The system of claim 2964, Airther comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overourden casing comprises steel. 

2979. The system of claim 2964, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the /overburden casing is further disposed in cement. 

2980. The system of claim 2964, further comprising an overburden casing coupled to 
the opening, wherein a packing material is disposed at a junction of the overburden 
casing and the opening. / 

298 1 . The system of daim 2964, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material is configured to substantially inhibit a 
flow of fluid between the opening and the overburden casing during use. 
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2982. The system of claim 2964, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material comprises cement. 



2983. The system of claim 2964, wherein the system is further configured such that 
transferred heat can pyrolyze at least some hydrocarbons in the pyrolysis zone. 



2984. A system configurable to heat a hydrocarbon containing formation, comprising: 

a conductor configurable to be disposed in a first conduit, wherein the first 
conduit is configurable to be disposed in an/opening in the formation, and wherein the 
conductor is further configurable to provide heat to at least a portion of the formation 
during use; 

a second conduit configurable tcVbe disposed in the opening, wherein the second 
conduit is further configurable to provide an oxidizing fluid from an oxidizing fluid 
source to a reaction zone in the formation during use, and wherein the system is 
configurable to allow the oxidizing fluid to oxidize at least some hydrocarbons at the 
reaction zone during use such that h'eat is generated at the reaction zone; and 

wherein the system is further configurable to allow heat to transfer substantially 
by conduction from the reaction zone to a pyrolysis zone of the formation during use. 



2985. The system of claim 298A, wherein the oxidizing fluid is configurable to generate 
heat in the reaction zone such tl/at the oxidizing fluid is transported through the reaction 
zone substantially by diffusion. 



2986. The system of claim 2984, wherein the second conduit comprises orifices, and 
wherein the orifices are configurable to provide the oxidizing fluid into the opening. 



2987. The svstem of claim 1 



orifices, and wherein the crit 
oxidizing fluid such that a ra 



984, wherein the second conduit comprises critical flow 
cal flow orifices are configurable to control a flow of the 
e of oxidation in the formation is controlled. 
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2988. The system of claim 2984, wherein the second conduit is further configurable to 

be cooled with the oxidizing fluid to reduce heating of the second conduit by oxidation. 

/ \ 

i i 

2989. The svstem of claim 2984, wherein the second conduit is further configurable to 
remove an oxidation product. 



2990. The system of claim 2984, wherein the second conduit is further configurable to 
remove an oxidation product such thgrt the oxidation product transfers heat to the 
oxidizing fluid. 



299 1 . The system of claim 2984/ wherein the second conduit is further configurable to 
remove an oxidation product, ana wherein a flow rate of the oxidizing fluid in the conduit 
is approximately equal to a flow rate of the oxidation product in the second conduit. 

2992. The svstem of claim 2984, wherein the second conduit is further configurable to 

/ 

remove an oxidation product, and wherein a pressure ot the oxidizing fluid in the second 
conduit and a pressure of the oxidation product in the second conduit are controlled to 
reduce contamination of the oxidation product by the oxidizing fluid. 



2993. The system of claim 2984, wherein the second conduit is further configurable to 
remove an oxidation product, and wherein the oxidation product is substantially inhibited 
from flowing into portions of the formation beyond the reaction zone. 



2994. The system of claim 2984, wherein the oxidizing fluid is substantially inhibited 
from flowing into portions of the formation beyond the reaction zone. 



2995. The system of claim 2984, further comprising a center conduit disposed within 
the second conduit, wherein center conduit is configurable to provide the oxidizing fluid 
into the opening during use, and wherein the second conduit is further configurable to 
remove an oxidation pnoduct during use. 
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2996. The system of claim 2984, wherein the portion of the formation extends radially 
from the opening a width of less than approximately 0.2 m. 



2997. The system of claim 2984, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing/is disposed in an overburden of the 
formation. 



2998. The system of claim 2984. further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 



2999. The system of claim 2984, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 



3000. The system of claim 2984, further comprising an overburden casing coupled to 
the opening, wherein a packing material is disposed at a junction of the overburden 
casing and the opening. 



3001 . The system of claim 2984, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherean the packing material is configurable to substantially inhibit 



a flow of fluid between the 



3002. The system of clair 



opening and the overburden casing during use. 



2984, further comprising an overburden casing coupled to 



the opening, wherein the overburden casing is disposed in an overburden of the 



formation, wherein a packjng material is disposed at a junction of the overburden casing 
and the opening, and whenein the packing material comprises cement. 
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3003. The system of claim 2984, wherein the system is furthe/ configurable such that 
transferred heat can pyrolyze at least some hydrocarbons in tne pyrolysis zone. 

3004. An in situ method for heating a hydrocarbon containing formation, comprising: 
heating a portion of the formation to a temperature sufficient to support reaction 

of hydrocarbons within the portion of the formation/with an oxidizing fluid, wherein 
heating comprises applying an electrical current tor a conductor disposed in a first conduit 
to provide heat to the portion, and wherein the first conduit is disposed within the 
opening; / 

providing the oxidizing fluid to a rea/tion zone in the formation; 

allowing the oxidizing fluid to reac/ with at least a portion of the hydrocarbons at 
the reaction zone to generate heat at the reaction zone; and 

transferring the generated heat substantially by conduction from the reaction zone 
to a pyrolysis zone in the formation. / 

3005. The method of claim 3004, Anther comprising transporting the oxidizing fluid 
through the reaction zone by diffusion. 

3006. The method of claim 3^04, further comprising directing at least a portion of the 
oxidizing fluid into the opening through orifices of a second conduit disposed in the 
opening. / 

3007. The method of claim 3004, further comprising controlling a flow of the oxidizing 
fluid with critical flow orifices of a second conduit disposed in the opening such that a 
rate of oxidation is controlled. 

3008. The method or claim 3004, fiirther comprising increasing a flow of the oxidizing 
fluid in the openingyto accommodate an increase in a volume of the reaction zone such 
that a rate of oxidamon is substantially constant over time within the reaction zone. 
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3009. The method of claim 3004 r wherein a second conduit is/disposed in the opening : 
the method further comprising cooling the second conduit wijti the oxidizing fluid to 
reduce heating of the second conduit by oxidation. 



3010. The method of claim 3004, wherein a second coi/duit is disposed within the 
opening, the method further comprising removing an Nidation product from the 
formation through the second conduit. 



3011. The method of claim 3004, wherein a second conduit is disposed within the 
opening, the method further comprising removing an oxidation product from the 
formation through the second conduit and transferring heat from the oxidation product in 
the conduit to the oxidizing fluid in the second conduit. 



3012. The method of claim 3004, wherein a second conduit is disposed within the 
opening, the method further comprising/ removing an oxidation product from the 
formation through the second conduit ^wherein a flow rate of the oxidizing fluid in the 
second conduit is approximately equal to a flow rate of the oxidation product in the 
second conduit. 



3013. The method of claim 3004, wherein a second conduit is disposed within the 
opening, the method further comprising removing an oxidation product from the 
formation through the second conduit and controlling a pressure between the oxidizing 
fluid and the oxidation product in the second conduit to reduce contamination of the 
oxidation product by the oxidizing fluid. 



3014. The method of claimp004 ; wherein a second conduit is disposed within the 
opening, the method further /comprising removing an oxidation product from the 
formation through the conduit and substantially inhibiting the oxidation product from 
flowing into portions of the! formation beyond the reaction zone. 
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3015. The method of claim 3004. further comprising substantial^ inhibiting the 
oxidizing fluid from flowing into portions of the formation beyond the reaction zone. 



3016. The method of claim 3004, wherein a center conduit is disposed within an outer 
conduit, and wherein the outer conduit is disposed within ttie opening, the method further 
comprising providing the oxidizing fluid into the opening/through the center conduit and 
removing an oxidation product through the outer condi 



3017. The method of claim 3004, wherein the portion of the formation extends radially 
from the opening a width of less than approximately 0.2 m. 



3018. The method of claim 3004, further comprising removing water from the formation 
prior to heating the portion. 



3019. The method of claim 3004, further comprising controlling the temperature of the 
formation to substantially inhibit production of oxides of nitrogen during oxidation. 



3020. The method of claim 3004, further comprising coupling an overburden casing to 
the opening, wherein the overburcjen casing is disposed in an overburden of the 
formation. 



3021 . The method of claim J004, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the/overburden casing comprises steel. 



3022. The method of claim 3004, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 
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3023. The method of claim 3004, further comprising couplmg an overburden casing to 
the opening, wherein a packing material is disposed at a junction of the overburden 
casing and the opening. / . 

3024. A system configured to heat a hydrocarbon containing formation, comprising: 
an insulated conductor disposed in an opening in the formation, wherein the 

insulated conductor is configured to provide heat ta at least a portion of the formation 
during use; / 
an oxidizing fluid source; / 

a conduit disposed in the opening, wherein the conduit is configured to provide an 
oxidizing fluid from the oxidizing fluid source to a reaction zone in the formation during 
use, and wherein the oxidizing fluid is selec/ed to oxidize at least some hydrocarbons at 
the reaction zone during use such that heay is generated at the reaction zone; and 

wherein the system is configurer to allow heat to transfer substantially by 
conduction from the reaction zone to a pyroiysis zone of the formation during use. 

3025. The system of claim 3024, wnerein the oxidizing fluid is configured to generate 
heat in the reaction zone such that me oxidizing fluid is transported through the reaction 
zone substantially by diffusion. / 

3026. The system of claim 30^4, wherein the conduit comprises orifices, and wherein 
the orifices are configured to provide the oxidizing fluid into the opening. 

3027. The system of claim 3024, wherein the conduit comprises critical flow orifices, 
and wherein the critical flow orifices are configured to control a flow of the oxidizing 
fluid such that a rate of oxidation in the formation is controlled. 

3028. The system of craim 3024, wherein the conduit is configured to be cooled with the 
oxidizing fluid such that the conduit is not substantially heated by oxidation. 
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3029. The system of claim 3024. wherein the conduit is further configured to remove an 
oxidation product. $ 

3030. The system of claim 3024, wherein the conduit is further configured to remove an 
oxidation product, and wherein the conduit is further configured such that the oxidation 
product transfers substantial heat to the oxidizing fluid, 

303 1 . The system of claim 3024, wherein the conduit is further configured to remove an 
oxidation product and wherein a flow rate of the oxidizing fluid in the conduit is 
approximately equal to a flow rate of the oxidation product in the conduit. 

3032. The system of claim 3024, wherein tl^/conduit is further configured to remove an 
oxidation product and wherein a pressure the oxidizing fluid in the second conduit and 
a pressure of the oxidation product in the conduit are controlled to reduce contamination 
of the oxidation product by the oxidizing fluid. 



3033. The svstem of claim 3024, wherein the conduit is further configured to remove an 

/ 

oxidation product, and wherein the^oxidation product is substantially inhibited from 
flowing into portions of the formation beyond the reaction zone. 



3034. The system of claim 3024, wherein the oxidizing fluid is substantially inhibited 
from flowing into portions oythe formation beyond the reaction zone. 



3035. The system of claim 3024. further comprising a center conduit disposed within 
the conduit, wherein the center conduit is configured to provide the oxidizing fluid into 
the opening during use, Ind wherein the conduit is further configured to remove an 
oxidation product during use. 



3036. The system on claim 3024, wherein the portion of the formation extends radially 
from the opening a width of less than approximately 0.2 m. 
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3037. The system of claim 3024, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in anyoverburden of the 
formation. 



3038. The system of claim 3024, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 



3039. The system of claim 3024, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing /s disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 

7 

3040. The system of claim 3024, further comprising an overburden casing coupled to 
the opening, wherein a packing material is disposed at a junction of the overburden 
casing and the opening. 



3041 . The system of claim 3024, further comprising an overburden casing coupled to 
the opening, wherein the ove^urden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material is configured to substantially inhibit a 
flow of fluid between the opening and the overburden casing during use. 



3042. The system of olaim 3024, further comprising an overburden casing coupled to 
the opening, wherein tffie overburden casing is disposed in an overburden of the 
formation, wherein a/packing material is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material comprises cement. 



3043. The system of claim 3024, wherein the system is further configured such that 
transferred heat can pyrolyze at least some hydrocarbons in the pyrolysis zone. 



3044. A system configurable to heat a hydrocarbon containing formation, comprising: 
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an insulated conductor configurable to be disposed in an opening in the formation, 
wherein the insulated conductor is further configurable to pr/vide heat to at least a 
portion of the formation during use; 

a conduit configurable to be disposed in the opening, wherein the conduit is 
further configurable to provide an oxidizing fluid from/an oxidizing fluid source to a 
reaction zone in the formation during use, and whereiri the system is configurable to 
allow the oxidizing fluid to oxidize at least some hydrocarbons at the reaction zone 

I 

during use such that heat is generated at the reaction zone; and 

wherein the svstem is further configurable to allow heat to transfer substantially 
by conduction from the reaction zone to a pyrolysis zone of the formation during use. 



3045. The system of claim 3044, wherein the oxidizing fluid is configurable to generate 
heat in the reaction zone such that thepxidizing fluid is transported through the reaction 
zone substantially by diffusion. 



3046. The system of claim 3044, wherein the conduit comprises orifices, and wherein 
the orifices are configurable to/provide the oxidizing fluid into the opening. 



3047. The system of clainy3044, wherein the conduit comprises critical flow orifices, 
and wherein the critical flow orifices are configurable to control a flow of the oxidizing 
fluid such that a rate of oxidation in the formation is controlled. 



3048. The system of claim 3044, wherein the conduit is further configurable to be 
cooled with the oxidizing fluid such that the conduit is not substantially heated by 
oxidation. 



3049. The system of claim 3044, wherein the conduit is further configurable to remove 
an oxidation product. 



3050. The system of claim 3044, wherein the conduit is further configurable to remove 
an oxidation product, such that the oxidation product transfers heat to the oxidizing fluid. 



7 1 2 Conlev. Rose & Tavon. P C. 



/ 

3051 . The system of claim 3044, wherein the conduit is furth^/ configurable to.remove 
an oxidation product, and wherein a flow rate of the oxidizing fluid in the conduit is 
approximately equal to a flow rate of the oxidation product/n the conduit. 



3052. The system of claim 3044, wherein the conduit i^ further configurable to remove 
an oxidation product, and wherein a pressure of the oxidizing fluid in the conduit and a 
pressure of the oxidation product in the conduit are controlled to reduce contamination of 
the oxidation product by the oxidizing fluid. 



3053. The system of claim 3044, wherein the randuit is further configurable to remove 
an oxidation product, and wherein the oxidation product is substantially inhibited from 
flowing into portions of the formation beyond the reaction zone. 



3054. The system of claim 3044, wherein the oxidizing fluid is substantially inhibited 
from flowing into portions of the formation beyond the reaction zone. 



3055. The system of claim 3044, further comprising a center conduit disposed within 
the conduit, wherein center conduit/is configurable to provide the oxidizing fluid into the 
opening during use, and wherein the conduit is further configurable to remove an 
oxidation product during use. 



3056. The system of claim 3044, wherein the portion of the formation extends radially 
from the opening a width of less than approximately 0.2 m. 



3057. The system of claim 6044, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation. 
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3058. The system of claim 3044, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises s/eeL 



3059. The system of claim 3044, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 



3060. The system of claim 3044, further comprising an overburden casing coupled to 
the opening, wherein a packing material is disposed at a junction of the overburden 
casing and the opening. 



3061 . The system of claim 3044, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material^ disposed at a junction of the overburden casing 
and the opening, and wherein the packing material is configurable to substantially inhibit 
a flow of fluid between the opening ^nd the overburden casing during use. 



3062. The system of claim 3044/ further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and whereinAhe packing material comprises cement. 

3063. The system of claim/3044, wherein the system is further configurable such that 
transferred heat can pyrolyze at least some hydrocarbons in the pyrolysis zone. 



3064. An in situ methoa for heating a hydrocarbon containing formation, comprising: 
heating a portior/of the formation to a temperature sufficient to support reaction 
of hydrocarbons withiij/the portion of the formation with an oxidizing fluid, wherein 
heating comprises applying an electrical current to an insulated conductor to provide heat 
to the portion, and wherein the insulated conductor is disposed within the opening; 
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providing the oxidizing fluid to a reaction zone in the formation; 

allowing the oxidizing fluid to react with at least a portion of the hydrocarbons at 
the reaction zone to generate heat at the reaction zo.he; and 

transferring the generated heat substantial/y by conduction from the reaction zone 
to a pyrolysis zone in the formation. 



3065. The method of claim 3064, further comprising transporting the oxidizing fluid 
through the reaction zone by diffusion. 



3066. The method of claim 3064, further comprising directing at least a portion of the 
oxidizing fluid into the opening through orifices of a conduit disposed in the opening. 



3067. The method of claim 3064, /further comprising controlling a flow of the oxidizing 
fluid with critical flow orifices of/a conduit disposed in the opening such that a rate of 
oxidation is controlled. 



3068. The method of claim /064, further comprising increasing a flow of the oxidizing 
fluid in the opening to accochmodate an increase in a volume of the reaction zone such 
that a rate of oxidation is substantially constant over time within the reaction zone. 



3069. The method of cpim 3064, wherein a conduit is disposed in the opening, the 
method further comprising cooling the conduit with the oxidizing fluid to reduce heating 
of the conduit by oxidation. 



3070. The method ©f claim 3064, wherein a conduit is disposed within the opening, the 
method further comprising removing an oxidation product from the formation through 
the conduit. 



3071 . The methojd of claim 3064, wherein a conduit is disposed within the opening, the 
method further comprising removing an oxidation product from the formation through 
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the conduit and transferring heat from the oxidation product in the conduit to the 
oxidizing fluid in the conduit. 

3072. The method of claim 3064, wherein a conduit is disposed within the opening, the 
method further comprising removing an oxidation product from the formation through 
the conduit, wherein a flow rate of the oxidizing fluid in the conduit is approximately 
equal to a flow rate of the oxidation product In the conduit. 

3073. The method of claim 3064, wherein a conduit is disposed within the opening, the 
method further comprising removing an oxidation product from the formation through 
the conduit and controlling a pressure between the oxidizing fluid and the oxidation 
product in the conduit to reduce contamination of the oxidation product by the oxidizing 
fluid. 



3074. The method of claim 3064/ wherein a conduit is disposed within the opening, the 
method further comprising removing an oxidation product from the formation through 
the conduit and substantially inhibiting the oxidation product from flowing into portions 
of the formation beyond the reaction zone. 



3075. The method of claim 6064, further comprising substantially inhibiting the 
oxidizing fluid from flowing into portions of the formation beyond the reaction zone. 



3076. The method of claim 3064, wherein a center conduit is disposed within an outer 
conduit, and wherein the outer conduit is disposed within the opening, the method further 
comprising providing the^oxidizing fluid into the opening through the center conduit and 
removing an oxidation product through the outer conduit. 



3077. The method of claim 3064, wherein the portion of the formation extends radially 
from the opening a width of less than approximately 0.2 m. 
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3078. The method of claim 3064, further comprising removing water from the formation 
prior to heating the portion. 




3079. The method of claim 3064, further comprising controlling the temperature of the 
formation to substantially inhibit production of oxkies of nitrogen during oxidation. 



3080. The method of claim 3064, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing isyaisposed in an overburden of the 
formation. 



3081 . The method of claim 3064, fiirthei/ comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden' casing comprises steel. 



3082. The method of claim 3064, fiurther comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overb/rden casing is further disposed in cement. 



3083. The method of claim 3064, further comprising coupling an overburden casing to 
the opening, wherein a packing material is disposed at a junction of the overburden 
casing and the opening. 



3084. The method of clain/ 3064, wherein the pyrolysis zone is substantially adjacent to 
the reaction zone. 



3085. An in situ method for heating a hydrocarbon containing formation, comprising: 
heating a portion <jff the formation to a temperature sufficient to support reaction 
of hydrocarbons within t^e portion of the . formation with an oxidizing fluid, wherein the 
portion is located substantially adjacent to an opening in the formation, wherein heating 
comprises applying an electrical current to an insulated conductor to provide heat to the 
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portion, wherein the insulated conductor is coupled to a conduit, wherein the conduit 
comprises critical flow orifices, and wherein the conduit/is disposed within the opening; 

providing the oxidizing fluid to a reaction zone/in the formation; 

allowing the oxidizing fluid to react with at least a portion of the hydrocarbons at 
the reaction zone to eenerate heat at the reaction zone; and 

transferring the generated heat substantially by conduction from the reaction zone 
to a pyrolysis zone in the formation. 



3086. The method of claim 3085, further comprising transporting the oxidizing fluid 
through the reaction zone by diffusion. 



3087. The method of claim 3085, further comprising controlling a flow of the oxidizing 
fluid with the critical flow orifices such that a rate of oxidation is controlled. 



3088. The method of claim 3085/further comprising increasing a flow of the oxidizing 

fluid in the opening to accommodate an increase in a volume of the reaction zone such 

/ 

that a rate ot oxidation is substantially constant over time within the reaction zone. 



3089. The method of clainy3085. further comprising cooling the conduit with the 
oxidizing fluid to reduce heating of the conduit by oxidation. 



3090. The method of claim 3085, further comprising removing an oxidation product 



from the formation thro/gh the conduit. 



3091 . The method of claim 3085, further comprising removing an oxidation product 
from the formation through the conduit and transferring heat from the oxidation product 
in the conduit to the^oxidizing fluid in the conduit. 



3092. The method of claim 3085, further comprising removing an oxidation product 
from the formation through the conduit, wherein a flow rate of the oxidizing fluid in the 
conduit is approximately equal to a flow rate of the oxidation product in the conduit. 
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3093. The method of claim 3085, further comprising rerr/oving an oxidation product 
from the formation through the conduit and controlling a/pressure between the oxidizing 
fluid and the oxidation product in the conduit to reduce/contamination of the oxidation 
product by the oxidizing fluid. 



3094. The method of claim 3085, further comprising removing an oxidation product 
from the formation through the conduit and substantially inhibiting the oxidation product 
from flowing into portions of the formation beyond the reaction zone. 



3095. The method of claim 3085, further comprising substantially inhibiting the 
oxidizing fluid from flowing into portions oi the formation beyond the reaction zone. 



3096. The method of claim 3085, where/n a center conduit is disposed within the 
conduit, the method further comprising providing the oxidizing fluid into the opening 
through the center conduit and removing an oxidation product through the conduit. 



3097. The method of claim 3085, wherein the portion of the formation extends radially 
from the opening a width of less than approximately 0.2 m. 



3098. The method of claim 308^y, further comprising removing water from the formation 
prior to heating the portion. 



3099. The method of claim 3G85, further comprising controlling the temperature of the 
formation to substantially inhibit production of oxides of nitrogen during oxidation. 



3 100. The method of claim B085, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation. 
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3101. The method of claim 3085. further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel, 



3 102. The method of claim 3085. further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 



3 103. The method of claim 3085, further comprising coupling an overburden casing to 
the opening, wherein a packing material is disposed at a junction of the overburden 
casing and the opening. 



104. The method of claim 3085, wherein/he pyrolysis zone is substantially adjacent to 



the reaction zone. 



3 105. A system configured to heat a hydrocarbon containing formation, comprising: 

at least one elongated membey disposed in an opening in the formation, wherein at 

least the one elongated member is cqrifigured to provide heat to at least a portion of the 

formation during use; 

an oxidizing fluid source; 

a conduit disposed in theybpening, wherein the conduit is configured to provide an 
oxidizing fluid from the oxidizing fluid source to a reaction zone in the formation during 
use. and wherein the oxidizing/fluid is selected to oxidize at least some hydrocarbons at 
the reaction zone during use such that heat is generated at the reaction zone; and 

wherein the system /s configured to allow heat to transfer substantially by 
conduction from the reaction zone to a pyrolysis zone of the formation during use. 



3 106. The system of claim 3 1 05, wherein the oxidizing fluid is configured to generate 
heat in the reaction zoneisuch that the oxidizing fluid is transported through the reaction 
zone substantially by diffusion. 
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3 107. The system of claim 3 105, wherein the conduit comprises orifices, and wherein 
the orifices are configured to provide the oxidizing fluicvinto the opening. 




3 108. The system of claim 3 105, wherein the conduit comorises critical flow orifices, 
and wherein the critical flow orifices are configurer to control a flow of the oxidizing 
fluid such that a rate of oxidation in the formation is controlled. 

3 109. The system of claim 3 105.. wherein the/conduit is further configured to be cooled 
with the oxidizing fluid such that the conduiyis not substantially heated by oxidation. 

3110. The system of claim 3 105, wherein the conduit is further configured to remove an 
oxidation product. / 

3111. The system of claim 3 1 05, wherein the conduit is further configured to remove an 
oxidation product such that the oxidation product transfers heat to the oxidizing fluid. 

3112. The system of claim 3 1 05/ wherein the conduit is further configured to remove an 
oxidation product, and wherein a flow rate of the oxidizing fluid in the conduit is 
approximately equal to a flow Bate of the oxidation product in the conduit. 

3113. The system of claim 3 105, wherein the conduit is further configured to remove an 
oxidation product, and wherein a pressure of the oxidizing fluid in the conduit and a 
pressure of the oxidation product in the conduit are controlled to reduce contamination of 
the oxidation product by the oxidizing fluid. 



3114. The system of claim 3 105, wherein the conduit is further configured to remove an 
oxidation product, and wherein the oxidation product is substantially inhibited from 
flowing into portions of the formation beyond the reaction zone. 

3115. The system off claim 3105, wherein the oxidizing fluid is substantially inhibited 
from flowing into portions of the formation beyond the reaction zone. 
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3116. The system of claim 3 1 05, further comprising a cepter conduit disposed within 
the conduit, wherein the center conduit is configured to provide the oxidizing fluid into 
the opening during use, and wherein the conduit is further configured to remove an 
oxidation product during use. / 

3117. The system of claim 3 1 05, wherein the portion of the formation extends radially 
from the opening a width of less than approximately 0.2 m. 

3118. The system of claim 3105, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing/is disposed in an overburden of the 
formation. / 

3119. The system of claim 31 05, further comprising an overburden casing coupled to 
the opening, wherein the overburdenycasing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 

3120. The system of claim 3 1 0y, further comprising an overburden casing coupled to 
the opening, wherein the overbidden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 

3121. The system of claim 3105, further comprising an overburden casing coupled to 
the opening, wherein a packing material is disposed at a junction of the overburden 
casing and the opening. / 

3122. The system of claim 3 1 05, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material is configured to substantially inhibit a 
flow of fluid between the opening and the overburden casing during use. 

V 
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3 123. The system of claim 3 105. further comprising an overburden casing coupled to 

/ 

the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material comprises cement. 



3 124. The system of claim 3 105, wherein t<ne system is further configured such that 
transferred heat can pyrolyze at least some/hydrocarbons in the pyrolysis zone. 



3 125. A system configurable to heat a hydrocarbon containing formation, comprising: 
at least one elongated member configurable to be disposed in an opening in the 

formation, wherein at least the one elongated member is further configurable to provide 

heat to at least a portion of the formation during use; 

a conduit configurable to be disposed in the opening, wherein the conduit is 

further configurable to provide ai/oxidizing fluid from the oxidizing fluid source to a 

reaction zone in the formation during use, and wherein the system is configurable to 

allow the oxidizing fluid to oxidize at least some hydrocarbons at the reaction zone 

during use such that heat is generated at the reaction zone; and 

wherein the system is further configurable to allow heat to transfer substantially 

by conduction from the reaction zone to a pyrolysis zone of the formation during use. 



3 126. The system of claim 3 125, wherein the oxidizing fluid is configurable to generate 
heat in the reaction zone such that the oxidizing fluid is transported through the reaction 
zone substantially by diff ision. 

3127. The system of claim 3 125, wherein the conduit comprises orifices, and wherein 
the orifices are configurable to provide the oxidizing fluid into the opening. 



3 128. The system of claim 3 125, wherein the conduit comprises critical flow orifices, 
and wherein the critical! flow orifices are configurable to control a flow of the oxidizing 
fluid such that a rate of oxidation in the formation is controlled. 



v 
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3129. The system of claim. 3 125, wherein the conduit' is further configurable to be 
cooled with the oxidizing fluid such that the conduit is not substantially heated by 
oxidation. ^ j 

3130. The system of claim 3125. wherein the conduit is further configurable to remove 
an oxidation product. / 

3131. The system of claim 3125, wherein tlae conduit is further configurable to remove 
an oxidation product such that the oxidation product transfers heat to the oxidizing fluid. 

3 132. The system of claim 3 125 ? wher/in the conduit is further configurable to remove 
an oxidation product, and wherein a fl/w rate of the oxidizing fluid in the conduit is 
approximately equal to a flow rate o/the oxidation product in the conduit. 

3 133. The system of claim 3 125/ wherein the conduit is further configurable to remove 
an oxidation product, and where/n a pressure of the oxidizing fluid in the conduit and a 
pressure of the oxidation product in the conduit are controlled to reduce contamination of 
the oxidation product by the oxidizing fluid. 

3 134. The system of claim 3125, wherein the conduit is further configurable to remove 
an oxidation product, and/wherein the oxidation product is substantially inhibited from 
flowing into portions of the formation beyond the reaction zone. 

3 135. The system of claim 3125. wherein the oxidizing fluid is substantially inhibited 
from flowing into portions of the formation beyond the reaction zone. 

3 136. The system pf claim 3125, further comprising a center conduit disposed within 
the conduit, wherem center conduit is configurable to provide the oxidizing fluid into the 
opening during use, and wherein the conduit is further configurable to remove an 
oxidation product/ during use. 
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3 137. The system of claim 3125, wherein the portion of the formation extends radially 
from the opening a width of less than approximately 0.2 m. , 



3138. The system of claim 3125. further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in/an overburden of the 
formation. / 

3139. The system of claim 3125, further comprising/an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 



3 140. The system of claim 3 125, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing indisposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 

3141. The system of claim 3125, furthencomprising an overburden casing coupled to 
the opening, wherein a packing material/is disposed at a junction of the overburden 
casing and the opening. / 

3 142. The system of claim 3125, farther comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein thwacking material is configurable to substantially inhibit 
a flow of fluid between the opening and the overburden casing during use. 

3 143. The system of claim 3 V25, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material comprises cement. 
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3 144. The svstem of claim 3 125. wherein the system is further configurable such that 

/ 

transferred heat can pyrolyze at least some hydrocarbons in the pyro^ysis zone. 



3 145. An in situ method for heating a hydrocarbon containing formation, comprising: 

heating a portion of the formation to a temperature sufficient to support reaction 
of hydrocarbons within the portion of the formation with an oxidizing fluid, wherein 
heating comprises applying an electrical current to at least one elongated member to 
provide heat to the portion, and wherein at least the one elongated member is disposed 
within the opening; / 

providing the oxidizing fluid to a reaction zone in the formation; 

allowing the oxidizing fluid to react with at least a portion of the hydrocarbons at 
the reaction zone to generate heat at the reaction zone; and 

transferring the generated heat substantially py conduction from the reaction zone 
to a pyrolysis zone in the formation. 



3146. The method of claim 3145, further comprising transporting the oxidizing fluid 
through the reaction zone bv diffusion. 



3 147. The method of claim 3 145, further ^omprising directing at least a portion of the 
oxidizing fluid into the opening through orifices of a conduit disposed in the opening. 



3 148. The method of claim 3 145, further comprising controlling a flow of the oxidizing 
fluid with critical flow orifices of a coniuit disposed in the opening such that a rate of 
oxidation is controlled. 



3 1 49. The method of claim 3 145, fyrther comprising increasing a flow of the oxidizing 
fluid in the opening to accommodate an increase in a volume of the reaction zone such 
that a rate of oxidation is substantially constant over time within the reaction zone. 
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3 1 50. The method of claim 3 1 45. wherein a conduit is disposed in thejopening, the 
method further comprising cooling the conduit with the oxidizing ft to reduce heating 
of the conduit by oxidation. 



3151. The method of claim 3145. wherein a conduit is disposed within the opening, the 
method further comprising removing an oxidation product frqm the formation through 
the conduit. 



3 1 52. The method of claim 3145, wherein a conduit is disposed within the opening, the 
method further comprising removing an oxidation product from the formation through 
the conduit and transferring heat from the oxidation product in the conduit to the 
oxidizing fluid in the conduit. 



3153. The method of claim 3145. wherein a conduit is disposed within the opening, the 
method further comprising removing an oxidation product from the formation through 
the conduit, wherein a flow rate of the oxidizmg fluid in the conduit is approximately 
equal to a flow rate of the oxidation product/in the conduit. 



3154. The method of claim 3145, wherein a conduit is disposed within the opening, the 
method further comprising removing aryoxidation product from the formation through 
the conduit and controlling a pressure petween the oxidizing fluid and the oxidation 
product in the conduit to reduce contamination of the oxidation product by the oxidizing 
fluid. 



3155. The method of claim 3 145/ wherein a conduit is disposed within the opening, the 
method further comprising removing an oxidation product from the formation through 
the conduit and substantially inhibiting the oxidation product from flowing into portions 
of the formation beyond the reaction zone.. 



3156. The method of claim S 145, further comprising substantially inhibiting the 
oxidizing fluid from flowing/into portions of the formation beyond the reaction zone. 



727 Conlev. Rose & Tavon. P C. 



/ 



3 1 57. The method of claim 3 145, wherein a center conduit is disposed within an outer 
conduit, and wherein the outer conduit is disposed within the opening, the method further 
comprising providing the oxidizing fluid into the opening through the center conduit and 
removing an oxidation product through the outer conduit. 



3158. The method of claim 3 145, wherein the portion of/he formation extends radially 
from the opening a width of less than approximately 0.2, 



3 1 59. The method of claim 3145, further comprising removing water from the formation 
prior to heating the portion. 




3 1 60. The method of claim 3 145, further comprising controlling the temperature of the 
formation to substantially inhibit production of oxides of nitrogen during oxidation. 



3161. The method of claim 3145, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation. 



3 162. The method of claim 3 145, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 




3 163. The method of claim 3 145, further comprising coupling an overburden casing to 
the opening, wherein the overburdj/n casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 



3 164. The method of claim 3 1^5, further comprising coupling an overburden casing to 
the opening, wherein a packing material is disposed at a junction of the overburden 
casing and the opening. / 
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3165. The method of claim- 3 145, wherein the pyrolysis zone is substantially adjacent to 
the reaction zone. / 



3 166. A system configured to heat a hydrocarbon containing formation, comprising: 

a heat exchanger disposed external to the formation wherein the heat exchanger 
is configured to heat an oxidizing fluid during use; 

a conduit disposed in the opening, wherein the>6onduit is configured to provide 
the heated oxidizing fluid from the heat exchanger xd at least a portion of the formation 
during use, wherein the system is configured to allow heat to transfer from the heated 
oxidizing fluid to at least the portion of the formation during use. and wherein the 
oxidizing fluid is selected to oxidize at least some hydrocarbons at a reaction zone in the 

ierat( 

wherein the system is configured to allow heat to transfer substantially by 
conduction from the reaction zone to a pyrolysis zone of the formation during use. 



formation during use such that heat is generated at the reaction zone; and 



3167. The system of claim 3 166, wherein the oxidizing fluid is configured to generate 

/ 

heat in the reaction zone such that/the oxidizing fluid is transported through the reaction 
zone substantially by diffusion. 



3 168. The system of claim ^/166, wherein the conduit comprises orifices, and wherein 
the orifices are configured to provide the oxidizing fluid into the opening. 

/ 

3 1 69. The system of claim 3 1 66, wherein the conduit comprises critical flow orifices, 
and wherein the critical f(ow orifices are configured to control a flow of the oxidizing 
fluid such that a rate of/oxidation in the formation is controlled. 



3 170. The system oj[ claim 3166, wherein the conduit is further configured to be cooled 
with the oxidizing fluid such that the conduit is not substantially heated by oxidation. 



3171. The system of claim 3 1 66, wherein the conduit is further configured to remove an 
oxidation product. 
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3 1 72. The system of claim 3 1 66, wherein the conduit is further configured to remove an 
oxidation product, such that the oxidation product transfers heat to the oxidizing fluid. 



3 1 73. The system of claim 3 1 66, wherein the conduit is further configured to remove an 
oxidation product, and wherein a flow rate of the oxidizing fluid in the conduit is 
approximately equal to a flow rate of the oxidation product in the conduit. 

3 1 74. The system of claim 3 166, wherein th^ conduit is further configured to remove an 
oxidation product, and wherein a pressure o/the oxidizing fluid in the conduit and a 
pressure of the oxidation product in the conduit are controlled to reduce contamination of 
the oxidation product by the oxidizing tluid. 

3 1 75. The system of claim 3 1 66, wherein the conduit is further configured to remove an 
oxidation product, and wherein theyoxidation product is substantially inhibited from 
flowing into portions of the formation beyond the reaction zone. 

3 1 76. The system of claim 3 V66, wherein the oxidizing fluid is substantially inhibited 
from flowing into portions of the formation beyond the reaction zone. 



3 177. The system of claim 3 1 66, further comprising a center conduit disposed within 
the conduit, wherein the center conduit is configured to provide the oxidizing fluid into 
the opening during use, and wherein the conduit is further configured to remove an 
oxidation product during use. 



3 1 78. The system of claim 3 166, wherein the portion of the formation extends radially 
from the opening a width of less than approximately 0.2 m. 



3179. The system of claim 3 1 66, further comprising an overburden casing coupled to 
the opening, wheirein the overburden casing is disposed in an overburden of the 
formation. 
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3 180. The system of claim 3 166, further comprising aiVoverburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 



3181. The system of claim 3 166, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing isf further disposed in cement. 



3 182. The system of claim 3 166, further comprising an overburden casing coupled to 
the opening, wherein a packing material is cjisposed at a junction of the overburden 
casing and the opening. 



3 183. The system of claim 3 166, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material is configured to substantially inhibit a 
flow of fluid between the opening a!nd the overburden casing during use. 



3 1 84. The system of claim 3 166/further comprising an overburden casing coupled to 
the opening, wherein the overburaen casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein tMe packing material comprises cement. 



3185. A system configurable to heat a hydrocarbon containing formation, comprising: 
a heat exchanger coirfigurable to be disposed external to the formation, wherein 
the heat exchanger is further configurable to heat an oxidizing fluid during use; 

a conduit configurable to be disposed in the opening, wherein the conduit is 
further configurable to prbvide the heated oxidizing fluid from the heat exchanger to at 
least a portion of the formation during use, wherein the system is configurable to allow 
heat to transfer from the/ heated oxidizing fluid to at least the portion of the formation 



V 
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during use. and wherein the system is further configurable to Allow the oxidizing fluid to 
oxidize at least some hydrocarbons at a reaction zone in the/formation during use such 
that heat is generated at the reaction zone; and / 

wherein the system is further configurable to allow heat to transfer substantially 
by conduction from the reaction zone to a pyrolysis zone of the formation during use. 

3186. The system of claim 3 185, wherein the oxidizing fluid is configurable to generate 
heat in the reaction zone such that the oxidizing fluid is transported through the reaction 
zone substantially by diffusion. / 

3 1 87. The system of claim 3 1 85, wherein therconduit comprises orifices, and wherein 
the orifices are configurable to provide the oxadizing fluid into the opening. 

3 188. The system of claim 31 85, whereinihe conduit comprises critical flow orifices, 
and wherein the critical flow orifices are configurable to control a flow of the oxidizing 
fluid such that a rate of oxidation in the formation is controlled. 

3 189. The system of claim 3 1 85, wherein the conduit is further configurable to be 
cooled with the oxidizing fluid such tnat the conduit is not substantially heated by 
oxidation. / 

3 190. The system of claim 3 185, wherein the conduit is further configurable to remove 
an oxidation product. / 

3191. The system of claim 3 1 85, wherein the conduit is further configurable to remove 
an oxidation product such that pe oxidation product transfers heat to the oxidizing fluid. 

3 192. The system of claim 34 85, wherein the conduit is further configurable to remove 
an oxidation product, and wtterein a flow rate of the oxidizing fluid in the conduit is 
approximately equal to a flow rate of the oxidation product in the conduit. 
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3 193. The system of claim 3 1 85, wherein the conduit is further configurable to remove 
an oxidation product, and wherein a pressure of the oxidising fluid in the conduit and a 
pressure of the oxidation product in the conduit are controlled to reduce contamination of 
the oxidation product by the oxidizing fluid. 



3 1 94. The system of claim 3185, wherein the condu/lt is further configurable to remove 
an oxidation product, and wherein the oxidation pronuct is substantially inhibited from 
flowing into portions of the formation beyond the neaction zone. 



3 1 95. The system of claim 3 1 85. wherein the oxidizing fluid is substantially inhibited 
from flowing into portions of the formation beyond the reaction zone. 



3 1 96. The system of claim 3185, further comprising a center conduit disposed within 
the conduit wherein center conduit is configurable to provide the oxidizing fluid into the 
opening during use, and wherein the secoi/d conduit is further configurable to remove an 
oxidation product during use. 



3 197. The system of claim 3 185, wherein the portion of the formation extends radially 
from the opening a width of less than approximately 0.2 m. 




3198. The system of claim 3185, further comprising an overburden casing coupled to 
the opening, wherein the overburdei/casing is disposed in an overburden of the 
formation. 



3 199. The system of claim 3 185, /further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overt/urden casing comprises steel. 



3200. The system of claim 3 l8o, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 
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3201. The system of claim 3185, further comprising an overburden casing coupled to 
the opening, wherein a packing material is disposed at a junction of the overburden 
casing and the opening. 



3202. The system of claim 3 185, furthey comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing materials disposed at a junction of the overburden casing 
and the opening, and wherein the packing material is configurable to substantially inhibit 
a flow of fluid between the opening/md the overburden casing during use. 



15 



3203. The system of claim 3 1 85i( further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and whereinAhe packing material comprises cement. 



20 



25 



30 



3204. An in situ method for heating a hydrocarbon containing formation, comprising: 
heating a portion off the formation to a temperature sufficient to support reaction 
of hydrocarbons within thp portion of the formation with an oxidizing fluid, wherein 
heating comprises: 

heating the oxidising fluid with a heat exchanger, wherein the heat exchanger is 
disposed external to tlW formation; 

providing the hpated oxidizing fluid from the heat exchanger to the portion of the 
formation; and 

allowing heat /to transfer from the heated oxidizing fluid to the portion of the 
formation; 

providing the oxidizing fluid to a reaction zone in the formation; 
allowing theloxidizing fluid to react with at least a portion of the hydrocarbons at 



the reaction zone to 



generate heat at the reaction zone; and 



transferring the generated heat substantially by conduction from the reaction zone 
to a pyrolysis zone i^the formation. 
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3205. The method of claim 3204, further comprising transporting the oxidizing fluid 
through the reaction zone bv diffusion. 



3206. The method of claim 3204, further comprising airecting at least a portion of the 
oxidizing fluid into the opening through orifices of a conduit disposed in the opening. 



3207. The method of claim 3204, further comprising controlling a flow of the oxidizing 
fluid with critical flow orifices of a conduit dispo/ed in the opening such that a rate of 
oxidation is controlled. 



3208. The method of claim 3204, further comprising increasing a flow of the oxidizing 
fluid in the opening to accommodate an increase in a volume of the reaction zone such 
that a rate of oxidation is substantially constant over time within the reaction zone. 



3209. The method of claim 3204, wherein a conduit is disposed in the opening, the 
method further comprising cooling theyconduit with the oxidizing fluid to reduce heating 
of the conduit by oxidation. 



3210. The method of claim 3204, wherein a conduit is disposed within the opening, the 
method further comprising removing an oxidation product from the formation through 
the conduit. 



3211. The method of claim 32041 wherein a conduit is disposed within the opening, the 
method further comprising removing an oxidation product from the formation through 
the conduit and transferring heat from the oxidation product in the conduit to the 
oxidizing fluid in the conduit. 



3212. The method of claim 320(4, wherein a conduit is disposed within the opening, the 
method further comprising remcving an oxidation product from the formation through 
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the conduit, wherein a flow rate of the oxidizing fluid in the conduit is approximately 
equal to a flow rate of the oxidation product in the conduit. 

3213. The method of claim 3204, wherein a conduit is disposed within the opening, the 
method further comprising removing an oxidation product from the formation through 
the conduit and controlling a pressure between the oxidiziixg fluid and the oxidation 
product in the conduit to reduce contamination of the oxidation product by the oxidizing 
fluid. 



3214. The method of claim 3204. wherein a conduit is disposed within the opening, the 
method further comprising removing an oxidation product from the formation through 
the conduit and substantially inhibiting the oxidation product from flowing into portions 
of the formation beyond the reaction zone. 



3215. The method of claim 3204, further comprising substantially inhibiting the 
oxidizing fluid from flowing into portions of the formation beyond the reaction zone. 



3216. The method of claim 3204, vvherem a center conduit is disposed within an outer 
conduit, and wherein the outer conduit is disposed within the opening, the method further 
comprising providing the oxidizing fluid into the opening through the center conduit and 
removing an oxidation product through the outer conduit. 



3217. The method of claim 3204, wherein the portion of the formation extends radially 
from the opening a width of less than approximately 0.2 m. 

3218. The method of claim 3204/ further comprising removing water from the formation 
prior to heating the portion. 



3219. The method of claim 3264, further comprising controlling the temperature of the 
formation to substantially inhibit production of oxides of nitrogen during oxidation. 
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3220. The method of claim 3204. further comprising coupling an pverburden casing to 
the opening, wherein the overburden casing is disposed in an ov&rburden of the 
formation. / 

322 1 . The method of claim 3204, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 

3222. The method of claim 3204, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 

3223. The method of claim 3204, furthe/ comprising coupling an overburden casing to 
the opening, wherein a packing material is disposed at a junction of the overburden 
casing and the opening. / 

3224. The method of claim 3204( wherein the pyrolysis zone is substantially adjacent to 
the reaction zone. / 

3225. An in situ method foryneating a hydrocarbon containing formation, comprising: 
heating a portion of me formation to a temperature sufficient to support reaction 

of hydrocarbons within the portion of the formation with an oxidizing fluid, wherein 
heating comprises: / 

oxidizing a fuel gas in a heater, wherein the heater is disposed external to the 
formation; / 

providing the oxidized fuel gas from the heater to the portion of the formation; 
and / 

allowing heat to transfer from the oxidized fuel gas to the portion of the 
formation; / 

providing tpe oxidizing fluid to a reaction zone in the formation; 

V 
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allowing the oxidizing fluid to react with at leasj a portion of the hydrocarbons at 
the reaction zone to generate heat at the reaction zone; and 

transferring the generated heat substantially by conduction from the reaction zone 
to a pyrolysis zone in the formation. 



3226. The method of claim 3225, further compri/ing transporting the oxidizing fluid 
through the reaction zone by diffusion. 



3227. The method of claim 3225, further comprising directing at least a portion of the 
oxidizing fluid into the opening through orifices of a conduit disposed in the opening. 



3228. The method of claim 3225, further comprising controlling a flow of the oxidizing 
fluid with critical flow orifices of a co/iduit disposed in the opening such that a rate of 
oxidation is controlled. 



3229. The method of claim 3225, further comprising increasing a flow of the oxidizing 
fluid in the opening to accommodate an increase in a volume of the reaction zone such 
that a rate of oxidation is substantially constant over time within the reaction zone. 



3230. The method of claim 3225, wherein a conduit is disposed in the opening, the 
method further comprising cooling the conduit with the oxidizing fluid to reduce heating 
of the conduit by oxidation. 



323 1. The method off claim 3225, wherein a conduit is disposed within the opening, the 
method further comprising removing an oxidation product from the formation through 
the conduit. 



3232. The method of claim 3225, wherein a conduit is disposed within the opening, the 
method further comprising removing an oxidation product from the formation through 
the conduit and transferring heat from the oxidation product in the conduit to the 



oxidizing fluid in 



the conduit. 
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3233. The method of claim 3225, wherein a conduit is disposed within the opening, the 
method further comprising removing an oxidation product from the formation through 
the conduit, wherein a flow rate of the oxidizing fluid in the conduit is approximately 
equal to a flow rate of the oxidation product /n the conduit. 

3234. The method of claim 3225, wherein a conduit is disposed within the opening, the 
method further comprising removing an/oxidation product from the formation through 
the conduit and controlling a pressure between the oxidizing fluid and the oxidation 
product in the conduit to reduce contamination of the oxidation product by the oxidizing 
fluid. 



3235. The method of claim 3225, wherein a conduit is disposed within the opening, the 
method further comprising removing an oxidation product from the formation through 
the conduit and substantiallyinhibiting the oxidation product from flowing into portions 
of the formation bevond the reaction zone. 



3236. The method of c|4im 3225, further comprising substantially inhibiting the 
oxidizing fluid from flowing into portions of the formation beyond the reaction zone. 



3237. The method of claim 3225. wherein a center conduit is disposed within an outer 
conduit, and wherejfn the outer conduit is disposed within the opening, the method further 
comprising providing the oxidizing fluid into the opening through the center conduit and 
removing an oxidation product through the outer conduit. 



3238. The mettiod of claim 3225, wherein the portion of the formation extends radially 
from the opening a width of less than approximately 0.2 m. 



3239. The method of claim 3225, further comprising removing water from the formation 
prior to heating the portion. 



v. 
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3240. The method of claim 3225. farther comprising controlling the temperature of the 

formation to substantially inhibit production of oxides of nitrogen during oxidation. 

/ 

i 

i 

i 

3241. The method of claim 3225, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disppsed in an overburden of the 
formation. 



3242. The method of claim 3225, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 



3243. The method of claim 3225, furthe/ comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 



3244. The method of claim 3225, further comprising coupling an overburden casing to 
the opening, wherein a packing material is disposed at a junction of the overburden 
casing and the opening. 

3245. The method of claim 32?5, wherein the pyrolysis zone is substantially adjacent to 
the reaction zone. 



3246. A system configured t© heat a hydrocarbon containing formation, comprising: 

an insulated conductoj' disposed within an open wellbore in the formation, 
wherein the insulated conductor is configured to provide radiant heat to at least a portion 
of the formation during use; ind 



wherein the system i« 



configured to allow heat to transfer from the insulated 



conductor to a selected secti )n of the formation during use. 
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3247. The system of claim 3246 ? wherein the insulated conductor is further configured 
to generate heat during application of an electrical current to the insulated conductor 
durine use. 



3248. The system of claim 3246, further comprising/a support member, wherein the 
support member is configured to support the insulated conductor. 



3249. The system of claim 3246, further comprising a support member and a centralizer, 
wherein the support member is configured to support the insulated conductor and 
wherein the centralizer is configured to maintaip a location of the insulated conductor on 
the support member. 



3250. The system of claim 3246, wherein tpe open wellbore comprises a diameter of at 
least approximately 5 cm. 

325 1. The system of claim 3246, further/comprising a lead-in conductor coupled to the 
insulated conductor, wherein the lead-in/conductor comprises a low resistance conductor 
configured to generate substantially no heat. 



3252. The system of claim 3246, further comprising a lead-in conductor coupled to the 
insulated conductor, wherein the leadf in conductor comprises a rubber insulated 
conductor. 



3253. The system of claim 3246. further comprising a lead-in conductor coupled to the 
insulated conductor, wherein the lead-in conductor comprises a copper wire. 



3254. The system of claim 3246, further comprising a lead-in conductor coupled to the 
insulated conductor with a cold pi J transition conductor. 



v 
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3255. The system of claim 3246. further comprising a lead-in conductor coupled to the 
insulated conductor with a cold pin transition conductor, wherein the c'old pin transition 
conductor comprises a substantially low resistance insulated conduct/r. 



3256. The system of claim 3246. wherein the insulated conductor? comprises a conductor 
disposed in an electrically insulating material, and wherein the electrically insulating 
material is disposed in a sheath. 



3257. The system of claim 3246, wherein the insulated conductor comprises a conductor 
disposed in an electrically insulating material, and wherein the conductor comprises a 
copper-nickel alloy. 

3258. The system of claim 3246, wherein the insulated conductor comprises a conductor 
disposed in an electrically insulating material, wherein^he conductor comprises a copper- 
nickel alloy, and wherein the copper-nickel alloy comprises approximately 7 % nickel by 
weight to approximately 12 % nickel by weight. 

3259. The system of claim 3246, wherein the insulated conductor comprises a conductor 
disposed in an electrically insulating material, wherein the conductor comprises a copper- 
nickel alloy, and wherein the copper-nickel alloy q'omprises approximately 2 % nickel by 
weight to approximately 6 % nickel by weight. 



3260. The system of claim 3246, wherein the insulated conductor comprises a conductor 
disposed in an electrically insulating material, add wherein the electrically insulating 
material comprises a thermally conductive matlrial. 



3261 . The system of claim 3246, wherein the insulated conductor comprises a conductor 
disposed in an electrically insulating material, and wherein the electrically insulating 
material comprises magnesium oxide. 



\ 
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262. The system of claim 3246, wherein the insulated conductor comprises a conductor 



disposed in an electrically insulating material, wherein the electrically insulating material 
comprises magnesium oxide, and wherein the magnesium oxide cor^rises a thickness of 
at least approximately 1 mm. 



3263. The system of claim 3246. wherein the insulated conductor comprises a conductor 
disposed in an electrically insulating material, and wherein th^ electrically insulating 
material comprises aluminum oxide and magnesium oxide. 



3264. The system of claim 3246, wherein the insulated conductor comprises a conductor 
disposed in an electrically insulating material, wherein/me electrically insulating material 
comprises magnesium oxide, wherein the magnesiunv oxide comprises grain particles, 
and wherein the grain particles are configured to oc/upy porous spaces within the 
magnesium oxide. 



3265. The system of claim 3246, wherein the psulated conductor comprises a conductor 
disposed in an electrically insulating materialyand wherein the electrically insulating 
material is disposed in a sheath, and wherein^he sheath comprises a corrosion-resistant 
material. 



3266. The system of claim 3246, wherein the insulated conductor comprises a conductor 
disposed in an electrically insulating matrerial. and wherein the electrically insulating 
material is disposed in a sheath, and wherein the sheath comprises stainless steel. 



3267. The system of claim 3246, further comprising two additional insulated 
conductors, wherein the insulated conductor and the two additional insulated conductors 
are configured in a 3 -phase Y configuration. 



3268. The system of claim 3246, further comprising an additional insulated conductor, 
wherein the insulated conductor and the additional insulated conductor are coupled to a 



V 
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support member, and wherein the insulated conductor and the additional insulated 
conductor are configured in a series electrical configuration. 

3269. The system of claim 3246, further comprising an additional ip§ulated conductor, 
wherein the insulated conductor and the additional insulated conductor are coupled to a 
support member, and wherein the insulated conductor and the additional insulated 
conductor are configured in a parallel electrical configuration/ 

3270. The system of claim 3246, wherein the insulated /onductor is configured to 
generate radiant heat of approximately 500 W/m to approximately 1 150 W/m during use. 



3271. The system of claim 3246, further comprising a support member configured to 
support the insulated conductor, wherein the support member comprises orifices 
configured to provide fluid flow through the support member into the open wellbore 
during use. 

3272. The system of claim 3246, further comprising a support member configured to 
support the insulated conductor, wherein the support member comprises critical flow 
orifices configured to provide a substantially constant amount of fluid flow through the 
support member into the open wellpore during use. 



3273. The system of claim 324fe, further comprising a tube coupled to the insulated 
conductor, wherein the tube iaf configured to provide a flow of fluid into the open 



wellbore during use. 



3274. The system of cla/m 3246, further comprising a tube coupled to the insulated 
conductor, wherein the t/ube comprises critical flow orifices configured to provide a 
substantially constant §unount of fluid flow through the support member into the open 
wellbore during use. 
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3275. The system of claim 3246, further comprising an overburden casing coupled to 
the open wellbore, wherein the overburden casing is disposed in an overburden of the 
formation. 



3276. The system of claim 3246, further comprising an overburden £asing coupled to 
the open wellbore, wherein the overburden casing is disposed in jui overburden of the 
formation, and wherein the overburden casing comprises steel. 



3277. The system of claim 3246, further comprising an overburden casing coupled to 
the open vvellbore, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 



3278. The system of claim 3246. further comprising an overburden casing coupled to 
the open wellbore, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein a packing material is disposed a junction of the overburden 
casing and the open wellbore. 



3279. The system of claim 3246, further comprisinaan overburden casing coupled to 
the open vvellbore, wherein the overburden casing is/disposed in an overburden of the 
formation, wherein a packing material is disposed ai a junction of the overburden casing 
and the open wellbore, and wherein the packing material is configured to substantially 
inhibit a flow of fluid between the open wellbore and the overburden casing during use. 



3280. The system of claim 3246, further composing an overburden casing coupled to 
the open wellbore, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the open wellbore, and wherein the packing material comprises cement. 



3281. The system of claim 3246, further comprising an overburden casing coupled to 
the open vvellbore, wherein the overburden casing is disposed in an overburden of the 
formation, the system further comprising a /wellhead coupled to the overburden casing 
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and a lead-in conductor coupled to the insulated conductor, wherein the wellhead is 
disposed external to the overburden, wherein the wellhead comprises at least one sealing 
flange, and wherein at least the one sealing flange is configured to couple to the lead-in 
conductor. / 



3282. The system of claim 3246, wherein the system is further configured to transfer 
heat such that the transferred heat can pyrolyze at least some of tl/e hydrocarbons in the 
selected section. 



3283. A system configurable to heat a hydrocarbon containing formation, comprising: 
an insulated conductor configurable to be disposed w/thin an open wellbore in the 

formation, wherein the insulated conductor is further configurable to provide radiant heat 

to at least a portion of the formation during use; and 

wherein the system is configurable to allow heat to' transfer from the insulated 



i 



conductor to a selected section of the formation during use. 



3284. The system of claim 3283, wherein the insulated/conductor is further configurable 
to generate heat during application of an electrical current to the insulated conductor 
durins use. 



3285. The system of claim 3283, further comprising a support member, wherein the 
support member is configurable to support the insulated conductor. 

3286. The system of claim 3283, further comprising a support member and a centralizer, 
wherein the support member is configurable to support the insulated conductor, and 
wherein the centralizer is configurable to maintain a location of the insulated conductor 
on the support member. 



3287. The system of claim 3283, wherein the open 
least approximately 5 cm. 



wellbore comprises a diameter of at 
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3288. The system of claim 3283, further comprising a lead-in conductor coupled to the 
insulated conductor, wherein the lead-in conductor comprises a low resistance cpnductor 
configurable to generate substantially no heat. 



3289. The system of claim 3283. further comprising a lead-in conductor coupled to the 
insulated conductor, wherein the lead-in conductor comprises a rubber irysulated 
conductor. 



3290. The system of claim 3283, further comprising a lead-in conductor coupled to the 
insulated conductor, wherein the lead-in conductor comprises a copper wire. 



3291. The system of claim 3283, further comprising a lead-in/conductor coupled to the 
insulated conductor with a cold pin transition conductor. 



3292. The system of claim 3283, further comprising a lead-in conductor coupled to the 
insulated conductor with a cold pin transition conductory^herein the cold pin transition 
conductor comprises a substantially low resistance insulated conductor. 



3293. The system of claim 3283, wherein the insulated conductor comprises a conductor 
disposed in an electrically insulating material, and w/ierein the electrically insulating 
material is disposed in a sheath. 



3294. The system of claim 3283, wherein the insulated conductor comprises a conductor 
disposed in an electrically insulating material, aryd wherein the conductor comprises a 
copper-nickel alloy. 



3295. The system of claim 3283, wherein the insulated conductor comprises a conductor 
disposed in an electrically insulating material/ wherein the conductor comprises a copper- 
nickel alloy, and wherein the copper-nickel alloy comprises approximately 7 % nickel by 
weight to approximately 12 % nickel by weight. 
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3296. The system of claim 3283. wherein the insulated conductor comprises a conductor 
disposed in an electrically insulating material, wherein the conductor comprises a copper- 
nickel alloy, and wherein the copper-nickel alloy comprises approximately 2 % nickel by 
weight to approximately 6 % nickel by weight. / 

3297. The system of claim 3283, wherein the insulated conductor comprises a conductor 
disposed in an electrically insulating material, and wherein \h£ electrically insulating 
material comprises a thermally conductive material. / 

3298. The system of claim 3283, wherein the insulated conductor comprises a conductor 
disposed in an electrically insulating material, and wherein the electrically insulating 
material comprises magnesium oxide. / 

3299. The system of claim 3283, wherein the insulated conductor comprises a conductor 
disposed in an electrically insulating material, wherein the electrically insulating material 
comprises magnesium oxide, and wherein the magnesium oxide comprises a thickness of 
at least approximately 1 mm. / 

3300. The system of claim 3283, wherein the/insulated conductor comprises a conductor 
disposed in an electrically insulating material/and wherein the electrically insulating 
material comprises aluminum oxide and magnesium oxide. 



3301 . The system of claim 3283, wherein ithe insulated conductor comprises a conductor 
disposed in an electrically insulating mateinal, wherein the electrically insulating material 
comprises magnesium oxide, wherein the/magnesium oxide comprises grain particles, 
and wherein the grain particles are configurable to occupy porous spaces within the 
maenesium oxide. / 



3302. The system of claim 3283, wherein the insulated conductor comprises a conductor 
disposed in an electrically insulating material, and wherein the electrically insulating 
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material is disposed in a sheath, and wherein the sheath comprises a corrosion-resistant 



material. 



A 



3303. The system of claim 3283, wherein the insulated conductor comprises a conductor 
disposed in an electrically insulating material, and wherein the^eleotrically insulating 
material is disposed in a sheath, and wherein the sheath comprises stainless steel. 



3304. The system of claim 3283, further comprising two additional insulated 
conductors, wherein the insulated conductor and the two add/tional insulated conductors 
are configurable in a 3-phase Y configuration. 



3305. The system of claim 3283, further comprising anyadditional insulated conductor, 
wherein the insulated conductor and the additional insul'ated conductor are coupled to a 
support member, and wherein the insulated conductor and the additional insulated 
conductor are configurable in a series electrical configuration. 



3306. The system of claim 3283, further comprising an additional insulated conductor, 
wherein the insulated conductor and the additional insulated conductor are coupled to a 
support member, and wherein the insulated conductor and the additional insulated 
conductor are configurable in a parallel electrical/configuration. 



3307. The system of claim 3283, wherein the insulated conductor is configurable to 
generate radiant heat of approximately 500 W/in to approximately 1 150 W/m during use. 



3308. The system of claim 3283, further comprising a support member configurable to 
support the insulated conductor, wherein the support member comprises orifices 
configurable to provide fluid flow through thp support member into the open wellbore 
during use. 



3309. The system of claim 3283, further comprising a support member configurable to 
support the insulated conductor, wherein th * support member comprises critical flow 
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orifices configurable to provide a substantially constant amount of fluid flow through the 
support member into the open vvellbore during use. 

i 

/ 

33 10. The system of claim 3283, further comprising a tube coupled to the insulated 
conductor, wherein the tube is configurable to provide a flowpf fluid into the open 
vvellbore during use. 



3311. The system of claim 3283, further comprising a tube coupled to the first insulated 
conductor, wherein the tube comprises critical flow orifices configurable to provide a 
substantially constant amount of fluid flow through J<ne support member into the open 
wellbore during use. 

3312. The system of claim 3283, further comprising an overburden casing coupled to 
the open wellbore, wherein the overburden casing is disposed in an overburden of the 
formation. 



3313. The system of claim 3283, further comprising an overburden casing coupled to 
the open wellbore, wherein the over^/rden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 



3314. The system of claim 3283, further comprising an overburden casing coupled to 
the open wellbore, wherein the/overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 



33 15. The system of claim 3283, further comprising an overburden casing coupled to 
the open wellbore, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein a/packing material is disposed at a junction of the overburden 
casing and the open wellbore. 



3316. The system of/claim 3283, further comprising an overburden casing coupled to 
the open wellbore, wherein the overburden casing is disposed in an overburden of the 
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formation, wherein a packing material is disposed at a junction of the overburden casing 
and the open wellbore, and wherein the packing material is configurable to substantially 
inhibit a flow of fluid between the open wellbore and the overburden casing during use. 

i 

3317. The system of claim 3283, further comprising an overburden casing coupled to 
the open wellbore, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the open wellbore, and wherein the packing material /comprises cement. 



3318. The system of claim 3283, further comprising an overburden casing coupled to 
the open wellbore, wherein the overburden casing is/disposed in an overburden of the 
formation, the system further comprising a wellhead coupled to the overburden casing 
and a lead-in conductor coupled to the insulated conductor, wherein the wellhead is 
disposed external to the overburden, wherein the wellhead comprises at least one sealing 
flange, and wherein at least the one sealing flange is configurable to couple to the lead-in 
conductor. 



33 19. The system of claim 3283, wherein the system is further configured to transfer 
heat such that the transferred heat can p/rolyze at least some hydrocarbons in the selected 
section. 



3320. An in situ method for heating a hydrocarbon containing formation, comprising: 
applying an electrical current to an insulated conductor to provide radiant heat to 

at least a portion of the formationjwherein the insulated conductor is disposed within an 

open wellbore in the formation; and 

allowing the radiant heatjto transfer from the insulated conductor to a selected 

section of the formation. 



3321. The method of claim 3^20, further comprising supporting the insulated conductor 
on a support member. 
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3322. The method of claim 3320. further comprising supporting the insulated conductor 
on a support member and maintaining a location of the insulated conductor on the support 

* 

member with a centralizes ^ 

3323. The method of claim 3320. wherein the insulated conductor is coupled to two 
additional insulated conductors, wherein the insulated conducto/ and the two insulated 
conductors are disposed within the open wellbore, and wherein the three insulated 
conductors are electrically coupled in a 3-phase Y configuration. 



3324. The method of claim 3320, wherein an additionjn insulated conductor is disposed 
within the open wellbore. 

3325. The method of claim 3320, wherein an additional insulated conductor is disposed 

f * 

within the open wellbore, and wherein the insulated conductor and the additional 
insulated conductor are electrically coupled in a series configuration. 

3326. The method of claim 3320, wherein an additional insulated conductor is disposed 
within the open wellbore, and wherein the insulated conductor and the additional 
insulated conductor are electrically coupled in a parallel configuration. 

3327. The method of claim 3320, wherein the provided heat comprises approximately 
500 W/m to approximately 1 150 W/rri. 

3328. The method of claim 3320jwherein the insulated conductor comprises a 
conductor disposed in an electrically insulating material, and wherein the conductor 
comprises a copper-nickel alloy.; 

3329. The method of claim 3^20, wherein the insulated conductor comprises a 
conductor disposed in an electrically insulating material, wherein the conductor 
comprises a copper-nickel alloy, and wherein the copper-nickel alloy comprises 
approximately 7 % nickel by weight to approximately 12 % nickel by weight. 
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3330. The method of claim 3320, wherein the insulated conductor comprises a 
conductor disposed in an electrically insulating material, wherein tlie conductor 
comprises a copper-nickel alloy, and wherein the copper-nickel klloy comprises 
approximately 2 % nickel by weight to approximately 6 % nickel by weight. 



333 1 . The method of claim 3320, wherein the insulated conductor comprises a 
conductor disposed in an electrically insulating materiahyand wherein the electrically 
insulating material comprises magnesium oxide. 



3332. The method of claim 3320, wherein the insulated conductor comprises a 
conductor disposed in an electrically insulating material, wherein the electrically 
insulating material comprises magnesium oxide, and wherein the magnesium oxide 
comprises a thickness of at least approximately 1 mm. 



3333. The method of claim 3320, wherein the insulated conductor comprises a 
conductor disposed in an electrically insulating material, and wherein the electrically 
insulating material comprises aluminun/ oxide and magnesium oxide. 



3334. The method of claim 3320, wherein the insulated conductor comprises a 
conductor disposed in an electrically insulating material, wherein the electrically 
insulating material comprises magnesium oxide, wherein the magnesium oxide comprises 
grain particles, and wherein the g/ain particles are configured to occupy porous spaces 
within the magnesium oxide. 



3335. The method of claim 3320, wherein the insulated conductor comprises a 
conductor disposed in an electrically insulating material, wherein the insulating material 
is disposed in a sheath, and wherein the sheath comprises a corrosion-resistant material. 
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3336. The method of claim 3320. wherein the insulated conductor comprises a 
conductor disposed in an electrically insulating material, wherein the insulating material 
is disposed in a sheath, and wherein the sheath comprises/stainless steel. 

3337. The method of claim 3320. further comprising/supporting the insulated conductor 
on a support member and flowing a fluid into the open wellboie through an orifice in the 
support member. 

3338. The method of claim 3320, further comprising supporting the insulated conductor 
on a support member and flowing a substantially constant amount of fluid into the open 
wellbore through critical flow orifices in the support member. 



3339. The method of claim 3320, wherein a perforated tube is disposed in the open 
wellbore proximate to the insulated conductor, the method further comprising flowing a 
fluid into the open wellbore througlrthe perforated tube. 

3340. The method of claim 332/3. wherein a tube is disposed in the open wellbore 
proximate to the insulated conductor, the method further comprising flowing a 
substantially constant amount/a fluid into the open wellbore through critical flow orifices 
in the tube. 



3341. The method of claim 3320, further comprising supporting the insulated conductor 
on a support member ancy flowing a corrosion inhibiting fluid into the open wellbore 
through an orifice in the/support member. 

3342. The method oy claim 3320. wherein a perforated tube is disposed in the open 
wellbore proximate to the insulated conductor, the method further comprising flowing a 
corrosion inhibiting/fluid into the open wellbore through the perforated tube. 
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3343. The method of claim 3320. further comprising determining a temperature 
distribution in the insulated conductor using an electromagnetic signal provided to the 
insulated conductor. 



3344. The method of claim 3320. further comprising monitoring a leakage current of the 
insulated conductor. 7 ' 



3345. The method of claim 3320, further comprising monitoring the applied electrical 



current. 



3346. The method of claim 3320, further comprising monitoring a voltage applied to the 
insulated conductor. 



3347. The method of claim 3320. further comprising monitoring a temperature in the 
insulated conductor with at least one thermocouple. 



3348. The method of claim 3320, further/comprising electrically coupling a lead-in 
conductor to the insulated conductor, wherein the lead-in conductor comprises a low 
resistance conductor configured to generate substantially no heat. 



3349. The method of claim 3320, further comprising electrically coupling a lead-in 
conductor to the insulated conductor using a cold pin transition conductor. 



3350. The method of claim 3320, further comprising electrically coupling a lead-in 
conductor to the insulated conductor using a cold pin transition conductor, wherein the 
cold pin transition conductor comprises a substantially low resistance insulated 
conductor. 



335 1 . The method of claim/3320, further comprising coupling an overburden casing to 
the open wellbore, wherein /he overburden casing is disposed in an overburden of the 
formation. 
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3352. The method of claim 3320, further comprising coupling an overburden casing to 
the open wellbore. wherein the overburden casing is disposed in an/Overburden of the 
formation, and wherein the overburden casing comprises steel. 



3353. The method of claim 3320, further comprising coupling an overburden casing to 
the open wellbore, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 



3354. The method of claim 3320, further comprising coupling an overburden casing to 
the open wellbore, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein a packing material is disposed at a junction of the overburden 
casing and the open wellbore. 

3355. The method of claim 3320, further comprising coupling an overburden casing to 
the open wellbore, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the method further comprises inhibiting a flow of fluid between 
the open wellbore and the overburden casing with a packing material. 

3356. The method of claim 3320,/further comprising heating at least the portion of the 
formation to pyrolyze at least some hydrocarbons within the formation. 

3357. An in situ method for heating a hydrocarbon containing formation, comprising: 
applying an electrical current to an insulated conductor to provide heat to at least 

a portion of the formation, wl/erein the insulated conductor is disposed within an opening 
in the formation; and 

allowine the heat to fransfer from the insulated conductor to a section of the 
formation. 



3358. The method of clafn 1, further comprising supporting the insulated conductor on 
a support member. 
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3359. The method of claim L further comprising supporting thef insulated conductor on 
a support member and maintaining a location of the first insulated conductor on the 
support member with a centralizes 



3360. The method of claim 1, wherein the insulated conductor is coupled to two 
additional insulated conductors, wherein the insulated/Conductor and the two insulated 
conductors are disposed within the opening, and wherein the three insulated conductors 
are electrically coupled in a 3-phase Y configuration. 



3361. The method of claim 1, wherein an additional insulated conductor is disposed 
within the opening. 



3362. The method of claim L wherein an additional insulated conductor is disposed 
15 within the opening, and wherein the insulated conductor and the additional insulated 



O conductor are electrically coupled in a series configuration. 



3363. The method of claim 1, wherein an additional insulated conductor is disposed 

ru / 

within the opening, and whereirythe insulated conductor and the additional insulated 
20 conductor are electrically coupled in a parallel configuration. 



3364. The method of claim/1 , wherein the provided heat comprises approximately 500 



W/m to approximately 1 150 W/m. 



25 3365. The method of claim 1, wherein the insulated conductor comprises a conductor 
disposed in an electrically insulating material, and wherein the conductor comprises a 
copper-nickel alloy. 



3366. The method of claim 1, wherein the insulated conductor comprises a conductor 
10 disposed in an electrically insulating material, wherein the conductor comprises a copper- 
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nickel alloy, and wherein the copper-nickel alloy comprises approximately 7 % nickel by 
weight to approximately 12 % nickel by weight. / 



/ i 

3367. The method of claim 1, wherein the insulated conductor comprises a conductor 
disposed in an electrically insulating material, wherein the conductor comprises a copper- 
nickel alloy, and wherein the copper-nickel alloy comprises approximately 2 % nickel by 
weight to approximately 6 % nickel by weight. / 

3368. The method of claim 1, wherein the insulated conductor comprises a conductor 
disposed in an electrically insulating material, and wherein the electrically insulating 
material comprises magnesium oxide. / 

3369. The method of claim 1 , wherein the insuLated conductor comprises a conductor 
disposed in an electrically insulating material, wherein the electrically insulating material 
comprises magnesium oxide, and wherein themiagnesium oxide comprises a thickness of 
at least approximately 1 mm. / 

3370. The method of claim 1, wherein the insulated conductor comprises a conductor 
disposed in an electrically insulating material, and wherein the electrically insulating 
material comprises aluminum oxide and/magnesium oxide. 

3371. The method of claim 1, wherein the insulated conductor comprises a conductor 
disposed in an electrically insulating material, wherein the electrically insulating material 
comprises magnesium oxide, wherein the magnesium oxide comprises grain particles, 
and wherein the grain particles are configured to occupy porous spaces within the 
magnesium oxide. / 



3372. The method of claim 1 . wherein the insulated conductor comprises a conductor 
disposed in an electrically insulating material, wherein the insulating material is disposed 
in a sheath, and wherein the sheam comprises a corrosion-resistant material. 
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3373. The method of claim 1. wherein the insulated conductor comprises a conductor 
disposed in an electrically insulating material, wherein the insulating material is disposed 
in a sheath, and wherein the sheath comprises stainless steel. 



3374. The method of claim L further comprising supporting the insulated conductor on 
a support member and flowing a fluid into the opening through ar/orifice in the support 
member. 



3375. The method of claim 1, further comprising supporting the insulated conductor on 
a support member and flowing a substantially constant amount of fluid into the opening 
through critical flow orifices in the support member. 



3376. The method of claim 1, wherein a perforated ti^be is disposed in the opening 
proximate to the insulated conductor, the method further comprising flowing a fluid into 
the opening through the perforated tube. 



3377. The method of claim 1, wherein a tube is disposed in the opening proximate to the 
insulated conductor, the method further comprising flowing a substantially constant 
amount a fluid into the opening through critical/flow orifices in the tube. 



3378. The method of claim 1. further comprising supporting the insulated conductor on 
a support member and flowing a corrosion inhibiting fluid into the opening through an 
orifice in the support member. 



3379. The method of claim 1, wherein a perforated tube is disposed in the opening 
proximate to the insulated conductor, the method further comprising flowing a corrosion 
inhibiting fluid into the opening througn the perforated tube. 



3380. The method of claim 1 , further comprising determining a temperature distribution 
in the insulated conductor using an electromagnetic signal provided to the insulated 
conductor. 
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3381. The method of claim 1, further comprising monitoring aieakage current of the 



insulated conductor. 



3382. The method of claim 1, further comprising monitoring the applied electrical 



current. 



3383. The method of claim 1. further comprising monitoring a voltage applied to the 
insulated conductor. 



3384. The method of claim 1, further comprising monitoring a temperature in the 
insulated conductor with at least one thermocouple. 



3385. The method of claim L further comprising electrically coupling a lead-in 
conductor to the insulated conductor, wherein the lead-in conductor comprises a low 
resistance conductor configured to generate substantially no heat. 



3386. The method of claim 1, further comprising electrically coupling a lead-in 
conductor to the insulated conductor/using a cold pin transition conductor. 



3387. The method of claim 1, further comprising electrically coupling a lead-in 
conductor to the insulated conductor using a cold pin transition conductor, wherein the 
cold pin transition conductor con/prises a substantially low resistance insulated 
conductor. 



3388. The method of claim 1 ./further comprising coupling an overburden casing to the 
opening, wherein the overburden casing is disposed in an overburden of the formation. 



3389. The method of claim/l , further comprising coupling an overburden casing to the 
opening, wherein the overburden casing is disposed in an overburden of the formation, 
and wherein the overburden casing comprises steel. 
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3390. The method of claim 1, further comprising coupling an overburden casing to the 
opening, wherein the overburden casing is disposed in an overburdenyj!)f the formation, 
and wherein the overburden casing is further disposed in cement. 



3391 . The method of claim 1 , further comprising coupling an o/erburden casing to the 
opening, wherein the overburden casing is disposed in an overburden of the formation, 
and wherein a packing material is disposed at a junction of tl/e overburden casing and the 
opening. 

3392. The method of claim 1, further comprising coupling an overburden casing to the 
opening, wherein the overburden casing is disposed Ln an overburden of the formation, 
and wherein the method further comprises inhibiting a flow of fluid between the opening 
and the overburden casing with a packing material. 

3393. The method of claim 1, further compri/ing heating at least the portion of the 
formation to substantially pyrolyze at least s©me hydrocarbons within the formation. 

3394. A system configured to heat a hydrocarbon containing formation, comprising: 
an insulated conductor disposed ywithin an opening in the formation, wherein the 

insulated conductor is configured to provide heat to at least a portion of the formation 
during use, wherein the insulated conductor comprises a copper-nickel alloy, and wherein 
the copper-nickel alloy comprises approximately 7 % nickel by weight to approximately 
12 % nickel by weight; and 

wherein the system is configured to allow heat to transfer from the insulated 
conductor to a selected section of the formation during use. 



3395. The system of claim 3394, wherein the insulated conductor is further configured 
to generate heat during application of an electrical current to the insulated conductor 
during use. 



761 



Conlev. Rose & Tavon. P C. 



3396. The system of claim 3394, further comprising a support member, wherein the 
support member is configured to support the insulated conductor. 

3397. The system of claim 3394, further comprising a supocp member and a centralizes 
wherein the support member is configured to support the insulated conductor, and 
wherein the centralizer is configured to maintain a location of the insulated conductor on 
the support member. 



3398. The system of claim 3394, wherein the opening comprises a diameter of at least 
approximately 5 cm. 



3399. The system of claim 3394. further comprising a lead-in conductor coupled to the 
insulated conductor, wherein the lead-in conductor comprises a low resistance conductor 
configured to generate substantially no/heat. 

3400. The system of claim 3394, further comprising a lead-in conductor coupled to the 
insulated conductor, wherein the ^ead-in conductor comprises a rubber insulated 
conductor. 



3401 . The system of claim 3fi94, further comprising a lead-in conductor coupled to the 
insulated conductor, wherein the lead-in conductor comprises a copper wire. 



3402. The system of claim 3394, further comprising a lead-in conductor coupled to the 
insulated conductor with/a cold pin transition conductor. 



3403. The system of claim 3394. further comprising a lead-in conductor coupled to the 
insulated conductor with a cold pin transition conductor, wherein the cold pin transition 
conductor comprises a substantially low resistance insulated conductor. 
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3404. The system of claim 3394, wherein the copper-nickel alloy is disposed in an 
electrically insulating material, and wherein the electrically insulating material comprises 
a thermally conductive material. 



3405. The system of claim 3394. wherein the copper-nickel alloy is disposed in an 
electrically insulating material, and wherein the electrically i/isulating material comprises 
magnesium oxide. 



3406. The system of claim 3394. wherein the copper-nickel alloy is disposed in an 
electrically insulating material, wherein the electrically insulating material comprises 
magnesium oxide, and wherein the magnesium oxijde comprises a thickness of at least 
approximately 1 mm. 



3407. The system of claim 3394, wherein the copper-nickel alloy is disposed in an 
electrically insulating material, and whereii/ the electrically insulating material comprises 
aluminum oxide and magnesium oxide. 



3408, The system of claim 3394, whe/ein the copper-nickel alloy is disposed in an 
electrically insulating material, wherem the electrically insulating material comprises 
magnesium oxide, wherein the magnesium oxide comprises grain particles, and wherein 
the grain particles are configured to/occupy porous spaces within the magnesium oxide. 



3409. The system of claim 3 394/ wherein the copper-nickel alloy is disposed in an 
electrically insulating material, wherein the electrically insulating material is disposed in 
a sheath, and wherein the sheathf comprises a corrosion-resistant material. 



3410. The system of claim 3 394, wherein the copper-nickel alloy is disposed in an 
electrically insulating materia?!, wherein the electrically insulating material is disposed in 
a sheath, and wherein the sheath comprises stainless steel. 



V 
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341 1. The system of claim 3394, further comprising two additional insulated 
conductors, wherein the insulated conductor and the two additional insulated conductors 
are configured in a 3 -phase Y configuration. 



3412. The system of claim 3394, further comprising an additional insulated conductor, 
wherein the insulated conductor and the additional insulated conductor are coupled to a 
support member, and wherein the insulated conductor and the additional insulated 
conductor are configured in a series electrical configuration. 



3413. The system of claim 3394, further comprising an additional insulated conductor, 
wherein the insulated conductor and the additional insuiated conductor are coupled to a 
support member, and wherein the insulated conductor and the additional insulated 
conductor are configured in a parallel electrical configuration. 

3414. The system of claim 3394, wherein the /nsulated conductor is configured to 
generate radiant heat of approximately 500 W/m to approximately 1 150 W/m during use. 

3415. The system of claim 3394, further comprising a support member configured to 
support the insulated conductor. whereinAhe support member comprises orifices 
configured to provide fluid flow through the support member into the opening during use. 



3416. The system of claim 3394, further comprising a support member configured to 
support the insulated conductor, w^/rein the support member comprises critical flow 
orifices configured to provide a substantially constant amount of fluid flow through the 
support member into the opening/during use. 



3417. The system of claim 3394, further comprising a tube coupled to the insulated 
conductor, wherein the tube is/configured to provide a flow of fluid into the opening 
during use. 
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3418. The system of claim 3394. further comprising a tube coupled to the insulated 
conductor, wherein the tube comprises critical flow orifices configured to provide a 
substantially constant amount of fluid flow through the support member into the opening 



during use. 



3419. The system of claim 3394. further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an pverburden of the 
formation. 1 



3420. The system of claim 3394. further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 



3421. The system of claim 3394, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 



3422. The system of claim 3394, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is/disposed in an overburden of the 
formation, and wherein a packing material is/disposed at a junction of the overburden 
casing and the opening. 



3423. The system of claim 3394, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material is configured to substantially inhibit a 
flow of fluid between the opening and the overburden casing during use. 



3424. The system of claim 3394, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
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formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material comprises cement. 



3425. The system of claim 3394, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in/an .overburden of the 
formation, the system further comprising a wellhead coupled to the overburden casing 
and a lead-in conductor coupled to the insulated conductor, wherein the wellhead is 
disposed external to the overburden, wherein the wellhead comprises at least one sealing 
flange, and wherein at least the one sealing flange i/ configured to couple to the lead-in 
conductor. 



3426. The system of claim 3394. wherein the/system is further configured to transfer 
heat such that the transferred heat can pyroly/e at least some hydrocarbons in the selected 
section. 



3427. A system configurable to heat a hydrocarbon containing formation, comprising: 

an insulated conductor configurable to be disposed within an opening in the 
formation, wherein the insulated conductor is further configurable to provide heat to at 
least a portion of the formation during use, wherein the insulated conductor comprises a 
copper-nickel alloy, and wherein the copper-nickel alloy comprises approximately 7 % 
nickel by weight to approximatel/ 12 % nickel by weight; 

wherein the system is configurable to allow heat to transfer from the insulated 
conductor to a selected section/of the formation during use. 



3428. The system of claim 3427, wherein the insulated conductor is further configurable 
to generate heat during application of an electrical current to the insulated conductor 
during use. 



3429. The system of claim 3427, further comprising a support member, wherein the 

/ 

support member is configurable to support the insulated conductor. 
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3430. The system of claim 3427, further comprising a support member and a centralizes 
wherein the support member is configurable to support the insuiatecLConductor. and 
wherein the centralizer is configurable to maintain a location of tl?e insulated conductor 
on the support member. 



343 1 . The system of claim 3427, wherein the opening comprises a diameter of at least 



approximately 5 cm. 



3432. The system of claim 3427, further comprising a lead-in conductor coupled to the 
insulated conductor, wherein the lead-in conductor/comprises a low resistance conductor 
configurable to generate substantially no heat. 



3433. The system of claim 3427, further comprising a lead-in conductor coupled to the 
insulated conductor, wherein the lead-in conductor comprises a rubber insulated 
conductor. 



3434. The system of claim 3427, further comprising a lead-in conductor coupled to the 
insulated conductor, wherein the lead'in conductor comprises a copper wire. 



3435. The system of claim 3427,mirther comprising a lead-in conductor coupled to the 
insulated conductor with a cold pin transition conductor. 



3436. The system of claim 3427, further comprising a lead-in conductor coupled to the 
insulated conductor with a cojd pin transition conductor, wherein the cold pin transition 
conductor comprises a substantially low resistance insulated conductor. 



3437. The system of claim 3427, wherein the copper-nickel alloy is disposed in an 
electrically insulating material, and wherein the electrically insulating material comprises 
a thermally conductive material. 
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3438. The system of claim 3427, wherein the copper-nickel alloy is disposed in an 
electrically insulating material, and wherein the electrically insulating material comprises 
magnesium oxide. 



3439. The system of claim 3427, wherein the copoer-nickel alloy is disposed in an 
electrically insulating material, wherein the electrically insulating material comprises 
magnesium oxide, and wherein the magnesium o/ide comprises a thickness of at least 
approximately 1 mm. 

3440. The system of claim 3427, wherein the copper-nickel alloy is disposed in an 
electrically insulating material, and whereij/the electrically insulating material comprises 
aluminum oxide and magnesium oxide. 

3441 . The system of claim 3427, wherein the copper-nickel alloy is disposed in an 
electrically insulating material, wher^m the electrically insulating material comprises 
magnesium oxide, wherein the mag/esium oxide comprises grain particles, and wherein 
the grain particles are configurable to occupy porous spaces within the magnesium oxide. 

3442. The system of claim 3427. wherein the copper-nickel alloy is disposed in an 
electrically insulating material/ wherein the electrically insulating material is disposed in 
a sheath, and wherein the sheath comprises a corrosion-resistant material. 



3443. The system of claim 3427, wherein the copper-nickel alloy is disposed in an 
electrically insulating material, wherein the electrically insulating material is disposed in 
a sheath, and wherein the sheath comprises stainless steel. 



3444. The system of claim 3427, further comprising two additional insulated 
conductors, wherein the insulated conductor and the two additional insulated conductors 



7 

are configurable in a j-phase Y configuration. 
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3445. The system of claim 3427, further comprising an additional insulated conductor, 
wherein the insulated conductor and the additional insulated conductor are coupled to a 
support member, and wherein the insulated conductor and the additional insulated 
conductor are configurable in a series electrical configuration. 



3446. The system of claim 3427, further comprising an additional insulated conductor, 
wherein the insulated conductor and the additional insulated conductor are coupled to a 
support member, and wherein the insulated conductor and the additional insulated 
conductor are configurable in a parallel electrical configuration. 



3447. The system of claim 3427, wherein tip insulated conductor is configurable to 
generate radiant heat of approximately 500/W/m to approximately 1 150 W/m during use. 



3448. The system of claim 3427, further comprising a support member configurable to 
support the insulated conductor, wherein the support member comprises orifices 
configurable to provide fluid flow through the support member into the open wellbore 
during use. 



3449. The system of claim 342/7, further comprising a support member configurable to 
support the insulated conductor, wherein the support member comprises critical flow 
orifices configurable to provide a substantially constant amount of fluid flow through the 
support member into the opening during use. 

3450. The system of claim 3427, further comprising a tube coupled to the insulated 
conductor, wherein the t/be is configurable to provide a flow of fluid into the opening 
during use. 



345 1 . The system of/ claim 3427, further comprising a tube coupled to the insulated 
conductor, wherein the tube comprises critical flow orifices configurable to provide a 
substantially constant amount of fluid flow through the support member into the opening 
during use. 
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3452. The system of claim 3427, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disjpsed in an overburden of the 
formation. 



3453. The system of claim 3427, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 



3454. The system of claim 3427, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 



3455. The system of claim 3427, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein a packing material is disposed at a junction of the overburden 
casing and the opening. 

3456. The system of claim/>427. further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material is configurable to substantially inhibit 
a flow of fluid between/the opening and the overburden casing during use. 

3457. The system of/claim 3427, further comprising an overburden casing coupled to 
the opening, whereinfthe overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, ana wherein the packing material comprises cement. 



3458. The system of claim 3427, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
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formation, the system further comprising a wellhead coupled to the overburden casing 
and a lead-in conductor coupled to the insulated conductor, wherein the wellhead is 

n 

disposed external to the overburden, wherein the wellhead comprises at least one sealing 
flange, and wherein at least the one sealing flange/is configurable to couple to the lead-in 
conductor. 



3459. The system of claim 3427, wherein the system is further configured to transfer 
heat such that the transferred heat can pyro^ze at least some hydrocarbons in the selected 
section. 



3460. An in situ method for heating a/hydrocarbon containing formation, comprising: 

applying an electrical current /o an insulated conductor to provide heat to at least 
a portion of the formation, wherein^the insulated conductor is disposed within an opening 
in the formation, and wherein the insulated conductor comprises a copper-nickel alloy of 
approximately 7 % nickel by weight to approximately 12 % nickel by weight; and 

allowing the heat to transfer from the insulated conductor to a selected section of 
the formation. 



3461 . The method of clairr/3460, further comprising supporting the insulated conductor 
on a support member. 

3462. The method of claim 3460, further comprising supporting the insulated conductor 
on a support member an/i maintaining a location of the first insulated conductor on the 
support member with a/centralizer. 



3463. The method ofjf claim 3460, wherein the insulated conductor is coupled to two 
additional insulated conductors, wherein the insulated conductor and the two insulated 
conductors are disposed within the opening, and wherein the three insulated conductors 
are electrically coupled in a 3-phase Y configuration. 
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3464. The method of claim 3460. wherein an additi9nal insulated conductor is disposed 
within the opening. 

* 

3465. The method of claim 3460, wherein an additional insulated conductor is disposed 
within the opening, and wherein the insulated conductor and the additional insulated 
conductor are electrically coupled in a series configuration. 



3466. The method of claim 3460, wherein an additional insulated conductor is disposed 
within the opening, and wherein the insulated conductor and the additional insulated 
conductor are electrically coupled in a parallel configuration. 



3467. The method of claim 3460, wherein the provided heat comprises approximately 
500 W/m to approximately 1 150 Wm. 



3468. The method of claim 346,6, wherein the copper-nickel alloy is disposed in an 
electrically insulating material., 

3469. The method of claim/>460, wherein the copper-nickel alloy is disposed in an 
electrically insulating matei/ial, and wherein the electrically insulating material comprises 
magnesium oxide. 



3470. The method of claim 3460, w r herein the copper-nickel alloy is disposed in an 
electrically insulating material, wherein the electrically insulating material comprises 
magnesium oxide, and/wherein the magnesium oxide comprises a thickness of at least 
approximately 1 mm. 



3471 . The method of claim 3460, wherein the copper-nickel alloy is disposed in an 
electrically insulating material, and wherein the electrically insulating material comprises 
aluminum oxide and magnesium oxide. 
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3472. The method of claim 3460. wherein the copper-nickel alloy is disposed in an 
electrically insulating material, wherein the electrically insulating material comprises 
magnesium oxide, wherein the magnesium oxide comprises grain particles, and wherein 
the grain particles are configured to occupy porous /paces within the magnesium oxide. 



3473. The method of claim 3460, wherein the c6pper-nickel alloy is disposed in an 
electrically insulating material, wherein the insulating material is disposed in a sheath, 
and wherein the sheath comprises a corrosionyresistant material. 



3474. The method of claim 3460, whereiiythe copper-nickel alloy is disposed in an 
electrically insulating material, wherein the insulating material is disposed in a sheath, 
and wherein the sheath comprises stainless steel. 



3475. The method of claim 3460. further comprising supporting the insulated conductor 
on a support member and flowing a /luid into the opening through an orifice in the 
support member. 



3476. The method of claim 3460, further comprising supporting the insulated conductor 

i 

on a support member and flowing a substantially constant amount of fluid into the 
opening through critical flow orifices in the support member. 



3477. The method of clairry 3460, wherein a perforated tube is disposed in the opening 
proximate to the insulated conductor, the method further comprising flowing a fluid into 
the opening through the perforated tube. 



3478. The method of claim 3460, wherein a tube is disposed in the opening proximate to 
the insulated conductor, the method further comprising flowing a substantially constant 
-noun, a fluid i„,o ,he oUg *rou g h cri.ica. flow orifices in ,he .be. 
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3479. The method of claim 3460, further comprising supporting the insulated conductor 
on a support member and flowing a corrosion inhibiting fluid ipto the opening through an 
orifice in the support member. 



3480. The method of claim 3460. wherein a perforated tube is disposed in the opening 
proximate to the insulated conductor, the method further comprising flowing a corrosion 
inhibiting fluid into the opening through the perforated tube. 



348 1 . The method of claim 3460, further comprisin^determining a temperature 
distribution in the insulated conductor using an elect/omagnetic signal provided to the 
insulated conductor. 



3482. The method of claim 3460, further comp/ising monitoring a leakage current of the 
insulated conductor. 



3483. The method of claim 3460, further comprising monitoring the applied electrical 
current. 



3484. The method of claim 3460, further comprising monitoring a voltage applied to the 
insulated conductor. 



3485. The method of claim 3460, further comprising monitoring a temperature in the 
insulated conductor with at least one thermocouple. 



3486. The method of claim 346y, further comprising electrically coupling a lead-in 
conductor to the insulated conductor, wherein the lead-in conductor comprises a low 
resistance conductor configureq to generate substantially no heat. 



3487. The method of claim J460, further comprising electrically coupling a lead-in 
conductor to the insulated conductor using a cold pin transition conductor. 
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